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Our experimental goal was to assess the protective effects of allicin (AC) and omega3        

(OMG-3 FAs) against paracetamol (APAP) induced hepato-renal injury in rats. Seventy Wistar albino 

rats were assigned to 7 experimental groups, each was composed of 10 rats; 1
st
 group received saline 

only (Control), 2
nd

 group supplemented with allicin (AC) (10 mg/kg. b. wt. orally), 3
rd

 group 

supplemented with omega-3 (OMG-3 FAs) (100 mg/kg b. wt. orally), 4
th

 group paracetamol (APAP) 

toxic control group received saline orally once daily and a single 1 g/kg orally dose of APAP on the 27th 

day of the experiment. 5
th

 group (AC + APAP), 6
th

 group (OMG-3 + APAP), and 7
th

 group               

(AC+ OMG-3+ APAP). rats in these groups have been received allicin, omega-3, and/or APAP as 

described above. Saline, allicin, and omega-3 were administered for 30 days. Paracetamol showed a 

significant increase in ALT, AST, ALP, urea, creatinine and MDA and a significant decrease in SOD, 

CAT and GSH levels. Also, The APAP intoxicated group showed a significant decrease in albumin and 

total protein and a marked increase in cholesterol and triglycerides when compared to the control group. 

Hematological parameters also investigated and indicated in result. Histopathological changes were also 

recorded and indicated in the results. Caspase-3 and HSP70 were substantially unregulated by APAP in 

the renal and hepatic tissues. Concurrent supplementation of AC and/or OMG-3 FAs with APAP resulted 

in a notable improvement in estimated parameters compared to the APAP group. Therefore, we 

anticipate that prescribing omega3 and allicin in patients undergo paracetamol regimen would be 

beneficial in reducing the adverse effect of paracetamol-induced hepatic and renal damage. 
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1- General Introduction 
 

1.1   Paracetamol (Background): 

 Paracetamol (APAP) is a p-aminophenol derivative with analgesic and 

antipyretic activities. Although the exact mechanism through which acetaminophen 

exert its effects has yet to be fully determined, acetaminophen may inhibit the nitric 

oxide (NO) pathway mediated by a variety of neurotransmitter receptors including N-

Methyl-D-aspartate (NMDA) and substance P, resulting in elevation of the pain 

threshold. The antipyretic activity may result from inhibition of prostaglandin 

synthesis and release in the central nervous system (CNS) and prostaglandin-mediated 

effects on the heat-regulating center in the anterior hypothalamus (National Institute 

of Diabetes and Digestive and Kidney Diseases; 2012).    

    Paracetamol is the most widely used non-prescription analgesic in the world. 

Paracetamol is commonly taken in overdose either deliberately or unintentionally. In 

high-income countries, paracetamol toxicity is a common cause of acute liver injury 

(Chiew et al., 2018). It is safe when used at the recommended doses for adults (4 

gm/day) and children (50–75 mg/kg/day) (Mikhail et al., 2019, Moore et al., 2019). 

Paracetamol (Acetaminophen, N-acetyl-p-aminophenol; APAP) has been regarded as 

a safer drug compared with other non-steroidal anti-inflammatory drugs (NSAIDs). 

(Ishitsuka et al., 2020). 

 

 

Fig (1-1): Chemical structure of paracetamol )Bertolini et al., 2006). 

 

1.1.1. Hepatotoxicity of Paracetamol:  

   Liver diseases are considered as major reasons for deaths worldwide (Wang et 

al., 2014). About two million people die per year because of liver illnesses such as 

chronic hepatitis B virus and hepatitis C virus infection, autoimmune liver disease, 

https://pubmed.ncbi.nlm.nih.gov/?term=Chiew+AL&cauthor_id=29473717
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and drug‐induced liver injury (DILI) (Ellahi et al., 2014). DILI is a growing reason 

for liver injury, which leads to hepatocellular death and acute liver failure (ALF) 

(Yuan et al., 2013). 

  In 2018, the American Association of Poison Control Centers provided 

approximately 2.1 million tele-consults for the United States and associated 

territories, of these over 100 000 calls related to paracetamol exposure (Gummin et 

al. 2019). About 50% of acute liver failure cases admitted in USA is caused by APAP 

poisoning (Larson et al., 2005). In England and Wales, UK, APAP poisoning 

claimed the lives of 284 people aged 12 years and over between 1993–1996 (Hawton 

et al., 2004). APAP is metabolized in the liver and the hepatotoxic metabolites that 

represent about 10% of whole metabolites are rapidly inactivated by glutathione 

(GSH) to protect against hepatic cell death (James et al., 2003). 

  Yayla et al., (2014) examined the Protective effect of Et-1receptor antagonist 

bosentan on paracetamol induced acute liver toxicity in rats. Reporting that According 

to biochemical results, TNF-α, ALT and AST levels were statistically increased in the 

paracetamol group, these parameters Were improved in the bosentan groups. 

Paracetamol administration decreased SOD activity, GSH level and increased level of 

MDA in the liver, while bosentan administration significantly improved these 

parameters. In immunohistochemical staining ET-1receptor expression was 

excessively increased in paracetamol group, but not in bosentan groups when 

compared to healthy control. All these results suggest that bosentan exerted protective 

effects against experimentally induced paracetamol toxicity in liver. 

  Tittarelli et al., (2017) investigated the hepatotoxicity of paracetamol and 

related fatalities and clarified that repeated supratherapeutic misuse, non-intentional 

misuse, and intentional ingestion may all result in hepatic toxicity, the main cause of 

acute liver failure (ALF) in the United States and Europe. Since paracetamol is 

responsible for nearly half of the cases in the US of acute liver failure and remains the 

leading cause of liver transplantation, continued awareness promotion, education and 

research should be constantly undertaken.  

  El-Boshy et al., (2019) investigated the protective effect of vitamin D against 

oxidative stress, inflammation and hepatorenal damage induced by acute paracetamol 

toxicity in rat and found that the APAP group showed significantly elevated serum 

ALP, ALT, and AST enzymes, creatinine, and urea together with marked declines in 
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serum total protein, albumin, 25-OH VD and Ca
++

 compared with the negative control 

group for all parameters. Prophylactic VD3 lowered the levels of liver and renal 

function parameters as well as augmented the levels of circulatory 25-OH VD and 

Ca
++

 significantly compared with the APAP group. The histological studies 

demonstrated that the APAP group displayed major pathological alterations in hepatic 

lobular morphology that was associated with massive leukocytic infiltration, 

especially around the portal tracts and central veins, in addition to widespread areas of 

cellular degeneration as indicated by the large numbers of apoptotic bodies and 

increased staining for cleaved Casp-3.  

  Samra et al., (2020) investigated the hepatoprotective effect of allicin against 

acetaminophen‐induced liver injury and find that APAP significantly increased AST, 

ALT, and ALP, whereas allicin significantly decreased their levels. Also, APAP 

significantly decreased serum albumin while allicin significantly improved it. APAP 

produced changes in liver morphology, including inflammation and massive 

coagulative necrosis. Allicin protected the liver from APAP‐induced necrosis, 

apoptosis, and hepatocellular degeneration via increasing Bcl‐2 and Ki‐67 levels. 

Paracetamol significantly increased the hepatic MDA, whereas allicin significantly 

prevented this increase. APAP markedly activated the NLRP3 inflammasome 

pathway and consequently increased the production of caspase‐1 and IL‐1β. 

Interestingly, he found that allicin significantly inhibited NLRP3 inflammasome 

activation, which resulted in decreased caspase‐1 and IL‐1β levels. So, allicin has a 

hepato-protective effect against APAP‐induced liver injury via the decline of 

oxidative stress and inhibition of the inflammasome pathway and apoptosis. 

  Akgun et al., (2021) clarified the potential protective role of folic acid against 

acetaminophen-induced hepatotoxicity and nephrotoxicity in rats. And reported that 

the antioxidant parameters of the liver tissue were significantly higher and oxidant 

parameters were significantly lower in the control group compared to the APAP 

group. The antioxidant parameters were significantly increased, and MDA level was 

decreased in both APAP+FA and APAP+NAC groups compared to the APAP group. 

Whereas MPO activity was higher in the APAP group compared to the control group. 

Characteristics of cell damage and lesions in the liver and kidney tissues were scored 

on a semi quantitative scale. 
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  Bouhlali et al., (2021) investigated the Protective Effect of Phoenix 

dactylifera L. Seeds against paracetamol-induced hepatotoxicity in rats: in comparison 

with vitamin C and found that the APAP group revealed a significant increase in 

serum levels of AST, ALT, ALP, LDH, and direct and total bilirubin along with a 

notable reduction in the total protein when compared to the normal control. However, 

as compared to the APAP-treated group, the administration of different date seed 

varieties extracts significantly reduced in a dose-dependent manner the levels of AST, 

ALT, ALP, LDH, and direct and total bilirubin along with remarkable elevation in the 

total protein. the glutathione, SOD, and CAT activities in the APAP intoxicated group 

were significantly lower compared to the control., e administration of date seed 

extracts improved considerably and dose dependently the enzymatic (SOD, CAT, and 

GPx) and non-enzymatic GSH antioxidant levels compared to the APAP alone treated 

animals. 

  El-Gendy et al., (2021) examined the protective effect of Omega-3 PUFAs 

against acute paracetamol induced hepatic injury confirmed by Fourier transform 

infrared (FTIR) and reported that acute overdose of paracetamol resulted in massive 

destruction to hepatocytes, leading to elevation of serum ALT, AST, total cholesterol, 

and triglycerides levels; in addition to a generalized hepatic oxidative stress status 

represented by accumulation of MDA as well as NOx and depletion of GSH. In 

addition, inflammatory response represented by elevated level of TNF-a was 

recorded. 
 

  Islam et al., (2021) studied the Effects of nerol on paracetamol-induced liver 

damage in Wistar albino rats. His study resulted in that the APAP significantly 

increased serum ALT, AST, ALP, GGT and LDH levels in comparison to the vehicle 

group. APAP administration decreased total protein and albumin, while the increase 

in globulin and serum bilirubin levels with decrease in GSH, SOD and CAT levels 

when compared to the vehicle group. The paracetamol intoxicated liver shows 

infiltration of lymphocytes, the presence of hemorrhage and extensive coagulative 

necrosis of the perivenular, and midzonal region with periportal sparing. It also 

exhibits a coagulative-type necrosis in the perivenular zone.  
 

  Tripathi et al., (2022) studied metformin ameliorating effect against 

acetaminophen-induced sub-acute toxicity via antioxidant property. His study results 

recorded a significant increase in APAP treated rats, total cholesterol, LDL, HDL, 
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Triglyceride, ALT, and AST levels. However, in the metformin treated rats, serum 

marker levels decreased significantly when compared with the respective control 

group. A significant increase in the SOD level, catalase and GST were found in the 

metformin treated group as compared to the control rats. After APAP treatment, there 

was a significant decrease in the level of SOD, catalase, GST, respectively, as 

compared to the control rats. However, SOD, catalase, GST activity were restored 

after supplementation of metformin and showed significantly increased level of SOD, 

catalase, and GST in comparison to APAP group. The level of lipid peroxidation in 

liver tissues was measured in terms of MDA. There was a significant increase in 

MDA level after APAP treatment whereas the MDA level in metformin supplemented 

APAP treated group was decreased significantly. 

1.1.2. Nephrotoxicity of Paracetamol: 

  The main cause of nephrotoxicity in vivo system is exposure to drugs, toxins, 

or compounds such as carbon tetrachloride, sodium oxalate, ethylene glycol, and 

heavy metal (Lakshmi et al., 2012). One of these drugs is acetaminophen or 

paracetamol (N-acetyl-p-aminophenol) (APAP) marketed as Panadol or Tylenol and 

other preparations which in over dosage result in nephrotoxicity (Baleni et al., 2015).

In therapeutic doses, APAP is excreted in the urine as glucuronide or sulfate 

metabolites (90%) or unchanged (2%), while the remaining is converted to N-acetyl-

para-benzoquinone mine (NAPQI) via the hepatic cytochrome 450 enzymes and 

excreted in the urine following its detoxification mostly by hepatic glutathione (GSH) 

(Hodgman and Garrard, 2012, McGill and Jaeschke, 2013). 

   In contrast, in large doses of APAP, significant amounts of NAPQI are 

produced which overwhelm the cellular antioxidant system through depletion of GSH 

and GSH dependent enzymes enhancing excessive production of reactive oxygen 

species (ROS) accompanied by oxidative stress (Abdel-Daim and Abdeen, 2018). 

 Previous reports have noted that abuse and frequent use of APAP at therapeutic doses 

could cause renal injury beside its hepatotoxic effect (Wang et al., 2017). 

  Madinah et al., (2015) clarified the protective effects of aqueous extract of 

Carica papaya seeds in paracetamol induced nephrotoxicity in male wistar rats. The 

result of this study revealed that serum creatinine, uric acid, and urea concentrations 

were significantly increased in paracetamol treated group of animals compared to the 

normal animals indicating the induction of severe nephrotoxicity. Treatment with the 
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aqueous extract of Carica papaya showed significant decrease in these renal function 

markers compared to the paracetamol treated group. Histopathological examination 

showed symptoms of nephrotoxicity such as leukocyte infiltration, moderate necrosis 

and degeneration, proximal tubules show dilatation, and there is brush border in some 

of them. 

  Canayakin et al., (2016) studied the protective role of Nigella sativa on 

paracetamol-induced nephrotoxicity and oxidative stress in rats. His study resulted in 

paracetamol administration significantly increased serum urea and creatinine when 

compared with the sham (take Nigella sativa) group. However, serum urea and 

creatinine level were reduced with different doses of the extract, respectively. Nigella 

sativa administration increased superoxide dismutase and glutathione, and decreased 

malondialdehyde levels in the kidneys. Kidney histopathological examinations 

showed that NS administration antagonized paracetamol-induced kidney pathological 

damage. 

  Ko et al., (2017) investigated the protective effects of diallyl disulfide against 

acetaminophen-induced nephrotoxicity and the possible role of CYP2E1 and NF-κB 

and reported that APAP caused severe nephrotoxicity as evidenced by significant 

increases in renal tubular cell apoptosis, mitochondria-mediated apoptosis, and up-

regulation of nuclear transcription factor Kappa-B (NF-κB), cyclooxygenase-2 (Cox-

2), and tumor necrosis factor-α (TNF-α) in the kidney with histopathological 

alterations. After APAP administration, glutathione content and activities of catalase, 

superoxide dismutase, and glutathione reductase were significantly decreased whereas 

malondialdehyde content was significantly increased, indicating that APAP-induced 

kidney injury was mediated through oxidative stress. In contrast, DADS pretreatment 

significantly attenuated APAP-induced nephrotoxic effects. 

  El-Maddawy and El-Sayed, (2018) examined compared between the 

protective effects of curcumin and N-acetyl cysteine (CUR and NAC) against 

paracetamol-induced hepatic, renal, and testicular toxicity in Wistar rats and 

documented that a large single dose of APAP induced lipid peroxidation along with a 

significant decline in glutathione content and catalase activity in the liver, kidneys, 

and testicles. The apparent oxidative damage was associated with evident hepatic, 

renal, and testicular dysfunction, which was confirmed in histopathological lesions, 

and increased serum aspartate aminotransferase, alanine aminotransferase, and 
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alkaline phosphatase activities. APAP decreased serum total protein, albumin, and 

globulin contents. Increased bilirubin, urea, and creatinine contents; and induced 

hematotoxicity. Both CUR and NAC administration provided substantial organ 

protection with pronounced efficacy against APAP nephrotoxicity with CUR. 

  Abdeen et al., (2019) investigated the protective effect of cinnamon against 

acetaminophen-mediated cellular damage and apoptosis in renal tissue and 

documented that APAP markedly increased serum levels of creatinine, BUN, and 

glucose and decreased levels of albumin and total protein. In addition, APAP could 

also exert severe alteration in the kidney histopathology along with upregulation of 

caspase-3 and PCNA. However, pre-treatment with cinnamon ameliorated the APAP-

induced cellular alterations and apoptosis, possibly through its high content of 

antioxidants. 

  Koyuncuoğlu et al., (2020) examined estrogen receptor agonists protective 

role against acetaminophen-induced hepatorenal toxicity in rats and documented that 

Compared to their control groups, levels of AST, ALT, BUN, creatinine, hepatic, and 

renal myeloperoxidase activity and chemiluminescence levels were increased, and 

hepatic glutathione level was decreased in acetaminophen-administered male groups, 

while ALT and hepatic chemiluminescence levels were not elevated in sham-OVX-

rats. Both ER-agonists and E2 reduced BUN, creatinine and reversed all oxidative 

parameters in renal tissues of OVX-rats. Additionally, ERα-agonist reversed all 

hepatic injury parameters, while ERβ-agonist elevated hepatic glutathione level. He 

concluded his result that acetaminophen toxicity in female rats presented with a more 

preserved hepatic function, while renal toxicity was not influenced by sex or by the 

lack of ovarian hormones. 

  Wans et al., (2021) clarified ameliorative effects of corn silk extract (CSME) 

on acetaminophen-induced renal toxicity in rats. The results of this study revealed that 

APAP caused a significant increase in serum urea, creatinine concentrations, and 

malondialdehyde (MDA) concentrations in renal tissues. In addition, APAP caused a 

significant decrease in superoxide dismutase (SOD) and glutathione peroxidase 

(GPX) activities in renal tissues compared with the control group. Furthermore, 

APAP caused marked renal damage as revealed by alterations in histopathological 

architectures of kidney tissues. Paracetamol resulted in a marked expression of 

caspase 3 and nuclear factor κB (NFĸβ) within the renal tubules. However, pre-
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treatment with CSME showed renal protective effect against acetaminophen induced 

renal toxicity. 

  Dallak et al., (2022) investigated the suppression of glomerular damage and 

apoptosis and biomarkers of acute kidney injury induced by acetaminophen toxicity 

using a combination of resveratrol and quercetin. And found that APAP significantly 

increased blood levels of urea, creatinine, malondialdehyde (MDA), interleukin-6 (IL-

6), and tumor necrosis factor-alpha (TNF-a), which were effectively reduced by 

resveratrol and quercetin. In addition, APAP overdose induced the tissue expression 

of the apoptotic biomarker, p53, and caused profound kidney damage as demonstrated 

by substantial alterations to the glomerular basement membrane, podocytes, 

endothelial cells, widening of Bowman’s space, and vacuolation of the cells lining the 

parietal layer, which were substantially protected by resveratrol and quercetin. 

Furthermore, a significant positive correlation was observed between either 

glomerular basement membrane or podocyte foot processes and these parameters, 

urea, creatinine, MDA, and TNF-a. Thus, he concluded that APAP induces alterations 

to the glomerulus ultrastructure, which is protected by resveratrol plus quercetin, 

which also reduces blood levels of urea and creatinine, and biomarkers of oxidative 

stress and inflammation. Briefly, APAP caused severe nephrotoxicity as 

evidenced by significant increases in renal tubular cell apoptosis, mitochondria-

mediated apoptosis, and up-regulation of nuclear transcription factors in the kidney 

with histopathological alterations. 

1.2   Allicin: 

  Allicin (diallylthiosulfinate) is the sulphur-containing, bioactive compound 

derived from freshly chopped garlic when the phosphopyridoxal enzyme known as 

alliinase catalyses’ the conversion of the nonproteinogenic amino acid, alliin (allyl 

cysteine sulphoxide), to form allyl sulphonic acid (Bayan et al., 2014). Allicin is a 

defense molecule from garlic (Allium sativum L.) with a broad range of biological 

activities. Allicin is produced upon tissue damage from the non-proteinogenic amino 

acid alliin (S-allyl cysteine sulfoxide) in a reaction that is catalyzed by the enzyme 

alliinase (Borlinghaus et al., 2014). 

  Moreover, allicin exhibits many bioactive properties that span across various 

fields of studies including antimicrobial (Dwivedi et al., 2019), anti-inflammatory 

(Alam et al., 2018; Metwally et al., 2018), anti-cancer (Shang et al., 2019) and 
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immunomodulatory activities (Arellano Buendía et al., 2018; Foroutan-Rad et al., 

2017). Two allyl sulphonic acid molecules will then condense spontaneously to form 

allicin through the removal of water (Salehi et al., 2019). Garlic (Allium sativum L.) is 

a well-known spice widely utilized for its medicinal properties. There is an extensive 

record of the many beneficial health effects of garlic which can be traced back to as 

early as the ancient Egyptian era. The antimicrobial activities exhibited by garlic were 

first reported to be due to allicin (Choo et al., 2020). 

 

Fig (1-2): Chemical structure of Allicin (Sarvizadeh et al., 2021). 
 

1.2.1  Hepatoprotective effect of Allicin: 

   Liver injury is associated with two types of liver cell death: necrosis and 

apoptosis. Apoptosis is considered as one of the main cellular activities that play a 

central role in balancing the physiological functions of the organs (Hsu et al., 2004). 

Vimal and Devaki, (2004) examined the hepatoprotective effect of allicin on tissue 

defense system in galactosamine endotoxin challenged rats and his study resulted in a 

significant decrease in the activities and levels of antiperoxidative enzymes (SOD, 

CAT, GPX and GST) in the liver and significant increase of lipid peroxidation were 

observed in d- galactosamine lipopolysaccharide-intoxicated rats as compared with 

the levels of normal control rats. His study proved that oral pre-treatment with allicin 

for 15 days Significantly, prevented these adverse effects and maintained the levels of 

evaluated parameters to near normality. 

  Zhang et al., (2012) investigated the Protective effect of allicin against 

acrylamide-induced hepatocyte damage in vitro and in vivo. the results of this study 

revealed that allicin significantly decreased the levels of maleic dialdehyde (MDA) 

and 8-hydroxy-desoxyguanosine (8-OHdG) both in vitro and in vivo study. Allicin 

also markedly increased the activity of total superoxide dismutase (SOD) and level of 

glutathione (GSH). The protective effects of allicin against AA-induced hepatocyte 

damage may be due to its ability to scavenge free radicals and its effective recovery of 
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the ant oxidative defense system, and its ability to block the epoxidation process of 

AA to GA by inhibiting P450 enzyme. 

Suddek, (2014) investigated that allicin enhances chemotherapeutic response 

and ameliorates tamoxifen- induced liver injury in experimental animals and found 

that TAM-intoxication produced significant elevation of serum liver enzymes, AST, 

ALT, GGT, LDH, and ALP and total bilirubin compared with normal control rats. All 

these mentioned changes were significantly reduced as compared with TAM-treated 

rats upon administration of allicin to TAM-treated rats. Significant decrease in serum 

total protein level was observed in the TAM group, which was ameliorated by allicin 

administration his results proved the beneficial role of allicin as an adjuvant to TAM 

in cancer treatment by alleviating liver injury. 

Wang et al., (2015) studied the Protective effect of allicin against 

glycidamide-induced toxicity in male and female mice and found that the given dose 

of glycidamide had more toxic effects and damage effects to the mice compared to the 

previous study of acrylamide. It could markedly increase the level of AST, ALT, 

LDH, BUN, ROS, MDA while decrease the SOD, GST and GSH. However, our data 

showed the oral administered allicin could significantly decrease the damage indexes 

of AST, ALT, LDH, BUN, ROS, MDA, and MPO, while increase the antioxidant 

indicators of SOD, GST and GSH. Thus, allicin could be used as an effective dietary 

supplement for the chemoprevention of glycidamide genotoxicity internally, and to 

prevent the tissue damage and toxicity induced by glycidamide. 

Panyod et al., (2016) investigated diet supplementation with allicin protects 

against alcoholic fatty liver disease (AFLD) in mice by improving anti-Inflammation 

and ant oxidative Functions.  His study demonstrated that allicin reduced fat 

accumulation, increased glutathione, and catalase levels, and decreased microsomal 

protein cytochrome P450 2E1 (CYP2E1) expression in the livers of the AFLD mice. 

Further, allicin supplementation significantly decreased the levels of proinflammatory 

tumor necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6, and suppressed the 

expression of sterol regulatory element-binding protein-1 (SREBP-1). Collectively, 

these findings demonstrated that allicin attenuates liver oxidative stress and 

inflammation.  

Samra et al., (2020) studied the protective effect of allicin on acetaminophen 

(APAP) ‐ induced hepatotoxicity in mice and investigated the underlying mechanisms 
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of the anti‐inflammatory and anti‐apoptosis properties of allicin. And found that 

APAP significantly increased AST, ALT, and ALP, whereas allicin significantly 

decreased their levels. Also, APAP significantly decreased albumin and allicin 

significantly improved it. APAP produced changes in liver morphology, including 

inflammation and massive coagulative necrosis. Allicin protected the liver from 

APAP‐induced necrosis, apoptosis, and hepatocellular degeneration via increasing 

Bcl‐2 and Ki‐67 levels. APAP significantly increased the hepatic MDA, whereas 

allicin significantly prevented this increase. APAP markedly activated the NLRP3 

inflammasome pathway and consequently increased the production of caspase‐1 and 

IL‐1β. Allicin has a hepatoprotective effect against APAP‐induced liver injury via the 

decline of oxidative stress and inhibition of the inflammasome pathway and apoptosis. 

Saleh et al., (2021) examined thioacetamide-induced acute hepatic 

encephalopathy (HE): central vs peripheral effect of Allicin and his result revealed 

that Induction of HE by a single dose of thioacetamide (TAA) was associated with a 

marked elevation in the serum levels of alanine aminotransferase, aspartate 

aminotransferase, bilirubin, albumin, total protein, blood urea nitrogen and serum 

ammonia besides reduction in the serum level of albumin. Moreover, it was 

accompanied with an increase in the hepatic and brain levels of inflammatory 

mediators; TNF-α and IL-1β as well as elevation of the hepatic and brain levels of 

oxidative stress biomarkers; reduced glutathione and lipid peroxidation evidenced by 

malondialdehyde. Oral administration of allicin for 6 days prior to TAA injection 

restored the serum liver function, hepatic, and brain levels of inflammatory mediators 

as well as oxidative stress biomarkers in a dose-dependent manner. From his results, it 

can be concluded that allicin has a protective effect on TAA-induced HE in rats in a 

dose-dependent manner due to its powerful antioxidant and anti-inflammatory 

properties. 

Sun et al., (2021) studied allicin mitigates hepatic injury following 

cyclophosphamide administration via activation of Nrf2/ARE pathways and through 

inhibition of inflammatory and apoptotic machinery and reported that administration 

of CP at a single dose was associated with liver injury, as is seen by the significant 

increase in the levels of ALT, AST, and ALP, as compared to the levels in the control 

group. Meanwhile, supplementation with allicin prior to administration of CP 

significantly ameliorated the levels of these physiological markers, as compared to the 
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CP-treated group. Also, CP led to a significant elevation in the levels of MDA, a lipid 

peroxidation marker which were accompanied by a significant decrease in GSH 

content in the hepatic tissue, as compared to the levels in the control group. 

Pretreatment with allicin significantly inhibited the elevation of oxidative and 

nitrogenous stress in the hepatic tissue after administration of CP, as evidenced by the 

decreased MDA along an increased GSH content. These finding reflected the 

hepatoprotective efficiency of allicin against CP-induced liver injury.  

1.2.2 Nephroprotective effect of Allicin: 

 El-Kashef et al., (2015) investigated the Protective effect of allicin against 

gentamicin-induced nephrotoxicity in rats and clarified that gentamicin administration 

caused a severe nephrotoxicity as evidenced by an elevated serum creatinine, blood 

urea nitrogen (BUN), serum lactate dehydrogenase (LDH) and proteinuria with a 

reduction in serum albumin and creatinine clearance as compared with control group. 

In addition, a significant increase in renal contents of malondialdehyde (MDA), 

myeloperoxidase (MPO), nitric oxide (NOx) and tumor necrosis factor-alpha (TNF-α) 

concomitantly with a significant decrease in renal reduced glutathione (GSH) and 

superoxide dismutase (SOD) activities was detected upon gentamicin injection. 

Administration of allicin significantly decreased serum creatinine, LDH, renal MDA, 

MPO, NOx and TNF-α while it significantly increased creatinine clearance, renal 

GSH content and renal SOD activity when compared to gentamicin-treated group. his 

study indicated that allicin exerted protection against structural and functional damage 

induced by gentamicin possibly due to its antioxidant, anti-inflammatory, and 

immunomodulatory properties in addition to its ability to retaining nitric oxide level.

  

  García et al., (2017) investigated The Beneficial Effects of Allicin in Chronic 

Kidney Disease Are Comparable to Losartan and found that after CKD induction, 

increased creatinine, and blood urea nitrogen (BUN) levels in serum, increased 

albuminuria, increased urinary excretion of N-acetyl-_-D-glucosaminidase (NAG), 

increased nephrin expression, and increased histological alterations in the cortex. The 

levels of angiotensin receptors and endothelial nitric oxide synthase (eNOS) were 

decreased in the renal cortex from the CKD group. Otherwise, lipid and protein 

oxidation were higher in the CKD group than in the control group. A disturbance was 

observed in the antioxidant enzymes catalase, superoxide dismutase, and heme 

oxygenase 1. Allicin or losartan treatments relieved renal dysfunction, hypertension, 
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and oxidative stress evidenced by decreasing renal biochemical marks. Allicin 

showed antihypertensive, antioxidant, and nephroprotective effects.   

  Abdel-Daim et al., (2019) examined nephroprotective effects of allicin and 

ascorbic acid against cisplatin-induced toxicity in rats and his study resulted in 

administration of CDDP induced marked body weight loss and renal damage, 

manifested by significant increases in serum creatinine, urea, and uric acid levels and 

significant reductions in serum Na, Ca, and phosphorus concentrations, in addition to 

severe alterations in serum and renal tissue levels of tumor necrosis factor-α in 

comparison with control rats. Moreover, CDDP-intoxicated rats exhibited 

significantly higher lipid peroxidation, as well as lower levels of reduced glutathione 

and activities of glutathione peroxidase, superoxide dismutase, and catalase enzymes 

in the renal tissue, compared with control rats. The administration of allicin or AA 

significantly reduced the CDDP-induced changes in all the afore mentioned 

parameters. Interestingly, allicin achieved comparable nephroprotection to AA in 

most assessed parameters; however, the restoration of normal serum and renal tissue 

concentrations of these parameters was more frequent in the CDDP-AA group. These 

results are probably mediated by their antioxidant and anti-inflammatory activities. 

  Orabi et al., (2020) studied Allicin modulates diclofenac sodium induced 

hepatonephro toxicity in rats via reducing oxidative stress and caspase-3 protein 

expression and reported that Diclofenac sodium significantly elevated activities of 

serum aspartate aminotransferase and alanine aminotransferase and the effects of 

diclofenac sodium and/or allicin on serum levels of urea and creatinine. Serum levels 

of urea and creatinine were significantly increased in rats administered diclofenac 

sodium compared to that of the control rats. However, the administration of rats with 

diclofenac sodium and allicin simultaneously prevented diclofenac sodium induced 

alteration of serum urea and creatinine levels and kept them at normal control values. 

In addition, it induced hyperglycemia, lipid peroxidation, pathological alteration, and 

caspase 3 protein expression in hepatic and renal tissues. However, it decreased 

reduced glutathione concentration and proliferating cell nuclear antigen protein 

expression in hepatic tissues. In contrast, allicin modulated the diclofenac sodium 

induced alteration in liver and kidney functions and structures dose dependently. 

1.3 Omega3: 
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  Omega-3 (C60H92O6) polyunsaturated fatty acids (PUFAs) include α-

linolenic acid (ALA; 18:3 ω-3), stearidonic acid (SDA; 18:4 ω-3), eicosatetraenoic 

acid (EPA; 20:5 ω-3), docosapentaenoic acid (DPA; 22:5 ω-3), and docosahexaenoic 

acid (DHA; 22:6 ω-3). In the past few decades, many epidemiological studies have 

been conducted on the myriad health benefits of omega-3 PUFAs. (Shahidi and 

Ambigaipalan., 2018).  

  ALA is a precursor of DHA and EPA, but its synthesis in our body is very 

limited (SanGiovanni et al., 2008). Omega fatty acids are reported to show several 

beneficial effects including antioxidant, anti-inflammatory, immunomodulatory, 

hypolipidemic, anti-cancer as well as cardioprotective, neuroprotective and 

hepatoprotective activities (Swanson et al., 2012). Furthermore, OMG-3 fatty acids 

play a key role in maintaining optical function by protecting macular region from 

oxidative stress (lipid peroxidation), inflammation (Christen et al., 2011). 

  Long-chain (LC) OMG-3FAs such as EPA and DHA occur in the body lipids 

of fatty fish, the liver of white lean fish, and the blubber of marine mammals. Fish oils 

are sold as OMG-3PUFA supplements or in a concentrated form as ethyl esters (EEs) 

or acylglycerols, whereas algal, fungal, and single-cell oils have recently become 

popular as novel and renewable sources of LC OMG-3FAs. Researchers have also 

incorporated OMG-3PUFAs into different oils such as borage oil and evening 

primrose oil to provide a better balance of PUFA components (Hamam and Shahidi, 

2006). 

 

 

Fig (1-3): Chemical Structure of Omega-3 Fatty Acids (Chiu et al., 2018). 
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  The beneficial effect of OMG-3PUFAs in patients with myriad health 

conditions and diseases, such as cardiovascular disease (atrial fibrillation, 

atherosclerosis, thrombosis, inflammation, and sudden cardiac death, among others), 

diabetes, cancer, depression and various mental illnesses, age-related cognitive 

decline, periodontal disease, and rheumatoid arthritis, has been investigated (Finley 

and Shahidi, 2001; Lopez et al., 2011). Omega-3 fatty acids, one of the key building 

blocks of cell membranes (Cholewski et al., 2018). 

1.3.1 Hepatoprotective effect of Omega3: 

  Mathews et al., (2014) studied the mitigation of hepatotoxic effects of arsenic 

trioxide through omega 3 fatty acid in rats and found a significant rise in lipid 

peroxidation with concomitant decline in reduced glutathione, glutathione dependent 

antioxidant enzymes and antiperoxidative enzymes in the liver tissue of rats treated 

with arsenic. The supplementation of omega-3 fatty acid with As2O3 offers 

ameliorative effect against hepatocellular toxicity. Omega-3 fatty acids maintained 

hepatic marker enzymes, antioxidant enzymes and decreased lipid peroxidation. The 

combination treatment clearly reduced the hepatic structural abnormalities such as 

hemorrhage, necrosis and cholangiofibrosis in the rats treated with arsenic. This study 

concludes that the omega- 3 fatty acid might be useful for the protection against 

As2O3-induced hepatotoxicity. 

  Adeyemi and Olayaki, (2017) investigated the protective effect of low dose 

of omega-3 fatty acids against diclofenac induced hepatotoxicity. the result showed 

that diclofenac significantly increased malondialdehyde, lactate dehydrogenase, and 

pro-inflammatory markers (total white blood cell count, uric acid, 

platelet/lymphocyte, and neutrophil/lymphocyte ratios). Moreover, DF significantly 

elevated the activities of alanine aminotransferase, aspartate aminotransferase, and 

alkaline phosphatase, but significantly reduced the total antioxidant capacity and the 

activities of superoxide dismutase, catalase, and glutathione peroxidase. The 

histological results were parallel to the biochemical and hematological findings. Pre-

treatment with OMG-3 FAs significantly prevented the manifestation of the 

abnormalities brought about by DF. Although there were indications of the dose-

dependent effects of OMG-3 FAs, the low dose was found to be more effective. 

  Wang et al., (2017) indicated Omega-3 polyunsaturated fatty acids ameliorate 

ethanol-induced adipose hyper lipolysis: A mechanism for hepatoprotective effect 
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against alcoholic liver disease and his results demonstrated that endogenous and 

exogenous OMG-3 PUFA enrichment ameliorates ethanol stimulated adipose 

lipolysis by increasing PDE3B activity and reducing cAMP accumulation in 

adipocyte, which was associated with activation of GPR120 and regulation of 

Ca2+/CaMKKβ/AMPK signaling, resultantly blocking fatty acid trafficking from 

adipose tissue to the liver. His findings identify that endogenous and exogenous 

OMG-3 PUFAs enrichment ameliorated alcoholic liver injury by activation of 

GPR120 to suppress ethanol stimulated adipose lipolysis, which provides the new 

insight to the hepatoprotective effect of OMG-3 PUFAs against alcoholic liver 

disease. 

  Eraky and Abo El-Magd, (2020) examined Omega-3 fatty acids protective 

effect against acetaminophen-induced hepatic and renal toxicity in rats. His study 

resulted in pre-treatment with OMG-3fatty acids enhanced liver and kidney functions 

indicated by decreased serum aminotransferases activities and serum creatinine and 

urea concentrations. Moreover, OMG-3fatty acids showed antioxidant properties 

confirmed by decreased malondialdehyde level and increased total antioxidant 

capacity. Antioxidant Nrf2, its regulators (HO-1 and BACH1) and the anti-

inflammatory cytokine (IL-10) were up-regulated by APAP administration as a 

compensatory mechanism, and they were normalized by OMG-3fatty acids. OMG-

3fatty acids showed anti-inflammatory actions through down-regulating nuclear factor 

kappa B (NF-ĸB). These findings suggested the protecting actions of OMG-3fatty 

acids against APAP-induced hepatic and renal toxicity through regulation of 

antioxidant Nrf2 and inflammatory NF-ĸB pathways. 

   El-Gendy et al., (2021) indicated the hepatoprotective effect of Omega-3 

PUFAs against acute paracetamol induced hepatic injury confirmed by Fourier 

transform infrared (FTIR). FTIR results revealed that Omega-3 PUFAs limited the 

toxic effects of paracetamol by restoring the hepatic amide I to amide II ratio. In 

addition, biochemical analyses demonstrated that serum ALT, AST, Cholesterol, 

LDL-cholesterol, and Il-6 levels as well as hepatic TNF-a, MDA, NOx levels were 

decreased. Besides, serum HDL-cholesterol level and hepatic GSH level were 

increased. this study recommended to use Omega-3 PUFAs in low doses on daily 

bases as a hepatoprotective agent. 

1.3.2 Nephroprotective effect of omega3: 
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  Khan et al., (2012) indicated protective effect of OMG-3 polyunsaturated 

fatty acids on L-arginine-induced nephrotoxicity and oxidative damage in rat kidney 

and found that ARG-induced nephrotoxicity was recorded by increased serum 

creatinine and blood urea nitrogen. ARG significantly altered the activities of 

metabolic and brush border membrane (BBM) enzymes. ARG caused significant 

imbalances in the antioxidant system. These alterations were associated with 

increased lipid peroxidation (LPO) and altered antioxidant enzyme activities. Feeding 

of FO and FXO with ARG ameliorated the changes in various parameters caused by 

ARG. Nephrotoxicity parameters lowered and enzyme activities of carbohydrate 

metabolism, BBM and inorganic phosphate (32Pi) transport were improved to near 

control values. ARG-induced LPO declined, and antioxidant defense mechanism was 

strengthened by both FO and FXO alike. The results of the present study suggest that 

OMG-3 PUFAs-enriched FO and FXO from seafoods and plant sources, respectively, 

are similarly effective in reducing ARG-induced nephrotoxicity and oxidative 

damage. 

  Naqshbandi et al., (2012) studied the protective effect of dietary fish oil on 

cisplatin induced nephrotoxicity in rats and the result revealed that CP nephrotoxicity 

was recorded by increased serum creatinine and blood urea nitrogen. CP decreased 

the activities of metabolic enzymes, antioxidant defense system and BBM enzymes. 

In contrast, FO alone increased enzyme activities of carbohydrate metabolism and 

brush border membrane (BBM). FO feeding to CP treated rats markedly enhanced 

resistance to CP-elicited deleterious effects. Dietary FO supplementation ameliorated 

CP induced specific metabolic alterations and oxidative damage due to its intrinsic 

biochemical antioxidant properties.  

  Goksu et al., (2013) investigated the protective effects of omega 3 fatty acids 

and sesame oil against cyclosporine A-induced nephrotoxicity and his investigation 

found that BUN was found to be increased in the CsA treated groups compared to 

control, whereas ALB was found to be decreased in the aforementioned groups, 

compared to control. Serum ALT level was found to be decreased compared to 

control. No difference was detected among groups for serum protein, AST, and GGT. 

So, his result concluded that OMG-3 FAs and SO have impressive nephroprotective 

and antiapoptotic effects on renal damage induced by CsA, with no difference in their 

protective effect, when compared to each other. However, the mechanisms underlying 
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the nephroprotection of OMG-3 FAs and SO treatment with lower doses should be 

further investigated. 

  Owumi et al., (2020) documented that Cadmium and nickel co-exposure 

exacerbates genotoxicity and not oxido-inflammatory stress in liver and kidney of 

rats: Protective role of omega-3 fatty acid. The result of his study showed that renal 

functional indices (serum creatinine and urea levels) were significantly increased 

following exposure to Cd alone and Ni alone when compared with control. However, 

administration of OMG-3 FAs to rats co-exposed to Cd + Ni markedly decreased the 

serum creatinine, urea when compared with rats treated with Cd + Ni alone. Moreover, 

OMG-3 FAs markedly abrogated the reduction in the antioxidant enzyme activities, 

the increase in reactive oxygen and nitrogen species, and lipid peroxidation induced 

by Cd and Ni co-exposure. Additionally, OMG-3 FAs administration markedly 

suppressed the increase in hepatic and renal myeloperoxidase activity, nitric oxide, 

tumor necrosis factor alpha, and interleukin-1 β levels in the co-exposure group. 

  Saleh et al., (2020) studied that omega-3 fatty acids can ameliorate 

doxorubicin-induced cardiorenal toxicity: In-vivo regulation of oxidative stress, 

apoptosis and renal Nox4, and in-vitro preservation of the cytotoxic efficacy. His 

study revealed that Induction of cardiac toxicity with DOX has been noticed by the 

marked elevation in the serum creatinine level as compared to the normal control 

group. Oral administration of OMG-3 FAs for 4 consecutive weeks to DOX-injected 

rats showed a suppression of the creatinine level, in a dose dependent manner. 

However, renal toxicity has been observed after DOX intraperitoneal injection by 

significance incrimination of serum levels of urea and creatinine, as compared to 

normal control group. Administration of OMG-3 FAs for 4 consecutive weeks 

succeed to alleviate the serum levels of urea and creatinine. 

  Xu et al., (2021) examined Omega-3 polyunsaturated fatty acids alleviate 

adenine-induced chronic renal failure via regulating ROS production and TGF-

β/SMAD pathway and found that Serum levels of Cr and BUN in OMG-3PUFAs 

group were remarkably decreased compared with those of adenine group. Higher 

contents of SOD, GSH, CAT and T-AOC were observed in OMG-3PUFAs group 

compared with those of adenine group. Besides, MAD content and ROS production 

were lower in OMG-3PUFAs group than those of adenine group. Pathological 

changes of kidneys were alleviated after OMG-3PUFAs treatment. Western blot 
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results demonstrated that OMG-3PUFAs treatment remarkably upregulates Nrf2, HO-

1, NQO1, but downregulates relative genes in TGF-β/SMAD pathway. So, he 

concluded that OMG-3PUFAs alleviated adenine-induced chronic renal failure 

through enhancing antioxidant stress and inhibiting inflammatory response via 

regulating Nrf2 and TGF-β/SMAD pathway.  

 

 

Aim of the study: 

 
The aim of our study to assess the protective effect of Allicin in combination 

with Omega-3 on hepatorenal toxicity induced by APAP in rats through evaluating of 

these parameters: 

 

1) Biochemical analysis of serum (ALT, AST, ALP, urea, creatinine, albumin, 

total protein, triglycerides and cholesterol). 

2) Immunohistochemically testing (Caspase-3 and HSP70). 

3) Antioxidant status of the kidney and liver (MDA, SOD, CAT, GSH). 

4) Liver and kidney histopathological evaluation. 
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Protective effect of allicin and Omega-3 fatty acids against paracetamol-

induced hepatic toxicity 

Abstract  

The most prominent over-the-counter antipyretic-analgesic drug is 

paracetamol (n-acetyl-para-amino-phenol, APAP). This study attempted to examine 

whether allicin (AC) and/or Omega-3 fatty acids (OMG-3FA) could protect rats from 

the liver damage induced by APAP. Seventy rats were randomly distributed into 

seven groups (n=10): Control (saline), AC group received allicin (10 mg/kg, PO), 

OMG-3FA group given omega-3 (100 mg/kg, PO), APAP group given paracetamol 

(1000 mg/kg, PO single dose on the 27
th

 day), AC+APAP group received AC 

(10mg/kg) for 30 days and then given single dose of paracetamol on the 27
th

 day 

(1000 mg/kg, PO), OMG-3FA+APAP group received OMG-3FA (100 mg/kg) for 30 

days and then given single dose of paracetamol on the 27
th

 day (1000 mg/kg, PO), and 

AC+OMG-3FA+APAP group received OMG-3FA (100 mg/kg) and AC (10 mg/kg) 

for 30 days and then given single dose of paracetamol on the 27
th

 day (1000 mg/kg, 

PO). APAP had a significant negative impact on hematological and serum 

biochemical markers suggested that hepatic injury occurred in response to the APAP 

exposure. Antioxidant parameter were determined in liver tissues. Histopathological 

examination of liver sections confirmed this hepatic damage where hepatic 

degeneration and necrosis were evident after APAP treatment. Also, in APAP-

induced hepatotoxicity, liver Caspase-3 and HSP70 expressions were considerably 

elevated. Allicin and/or omega 3 fatty acids treatment restore hepatic tissue 

architecture after treatment. Thus, pre-treatment with AC and OMG-3FA alone or in 

combination was effective to reduce hepatic injury in APAP-intoxicated rats. 

Keywords: Paracetamol; Liver; Allicin; Omega-3 fatty acids; damage. 

1. Introduction 

Liver is the most important body organ which plays multi-biological functions 

during micro- and macromolecular metabolism, including drugs, carbohydrates, 

proteins, and lipids (Islam et al., 2021). Paracetamol (APAP) is a common analgesic 

and antipyretic drug which is regarded as a safe medication at therapeutic doses 

because it is mostly metabolized to pharmacologically inactive glucuronide and 

sulfate conjugates, with a minor fraction (5–10%) being oxidized to a reactive 

metabolite known as N-acetyl-p-benzoquinone imine (NAPQI) (Li et al., 2016). The 
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non-toxic glutathione-NAPQI then easily excreted out from the body (Hussain et al., 

2020). 

NAPQI, generated by hepatic cytochrome P-450 isoforms (CYP2E1 and 

CYP2A6) which are mainly responsible for APAP-induced hepatotoxicity (Wang et 

al., 2017). After an overdose of APAP, NAPQI level gets elevated which diminishes 

the cellular level of glutathione (GSH), affects mitochondrial proteins, induces 

mitochondrial oxidative stress, and subsequently cause overproduction of reactive 

oxygen species (ROS) such as superoxide anions (Woolbright and Jaeschke 2018; 

Ebada, 2018). Excess levels of ROS can bind biological molecules such as DNA, 

protein, and phospholipids, which leads to lipid peroxidation, depletion of antioxidant 

enzymes and the loss of calcium homeostasis following oxidative stress and cell death 

(Ozdatli et al., 2015).  

Several studies recorded the hepatic toxicity of paracetamol (Elshal and 

Abdelmageed, 2022; Sinaga et al., 2021; Sreevallabhan et al., 2021; Jaeschke et 

al., 2020; Gong et al., 2018). More and more people are using herbal medications 

made from plant extracts that have natural antioxidant and pharmacological properties 

to counteract the potentially toxic effects of chemical agents like paracetamol (Wu et 

al., 2017). 

         Allicin, as a diallyl thiosulfinate, is the main biologically active compound 

derived from garlic (Wang et al., 2015). Once garlic is damaged, alliinase catalyzes 

the conversion of S-allylcysteine sulfoxide into diallylthiosulfinate or allicin (Abdel-

Daim et al., 2019; Borlinghaus et al., 2014). Allicin is a thiosulfinate compound 

with numerous biological and pharmacological activities, including antioxidant 

(Saleh et al., 2021), antimicrobial (Reiter et al., 2017), hepatoprotective (Yang et al., 

2017), nephroprotective (Abdel-Daim et al., 2019), neuroprotective (Kong et al., 

2017). 

Allicin is a natural antioxidant, that not only scavenges oxygen free radicals 

and hydroxyl radicals, but also prevents the lipid peroxidation of liver homogenates 

induced by hydroxyl radicals (Chung et al., 2013; Zhang et al., 2012).  Allicin has 

been demonstrated to have hepatoprotective effects against paracetamol-induced 

hepatic damage (Samra et al., 2020) by inhibiting apoptosis, lowering the 

inflammasome pathway and reducing oxidative stress. Consequently, allicin may be a 
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cutting-edge strategy in order to resist the development of APAP-caused 

hepatotoxicity (Samra et al., 2020). 

 Long-chain fatty acids called omega-3 polyunsaturated fatty acids are 

distinguished by the presence of a double bond at the third carbon atom of the 

hydrocarboxylic chain counted from the methyl end (Calder, 2018). The highest 

sources of docosahexanoic acid (DHA) and eicosatetranoic acid (EPA) are fish 

(particularly oily fish) and other seafood, despite the fact that these very long chain 

fatty acids can be found in a wide variety of foods (Scorletti and Byrne, 2018). 

       Omega-3FAs, particularly the biochemically active downstream fatty acids 

eicosatetraenoic acid (EPA) and docosahexaenoic acid (DHA) are metabolized to 

anti-inflammatory and proresolving mediators (Serhan and Petasis, 2011; Calder, 

2012). They have a variety of proposed mechanisms of action; the most significant of 

which would be modulating cell proliferation, regulating fatty acid metabolism, 

inhibiting lipogenesis as well as suppressing inflammation and oxidative stress 

(Bellenger et al., 2011; Huang et al., 2015; Wang et al., 2017). Therefore, the 

current study attempts to elucidate the preventive role of AC and/or OMG-3FAs in 

preventing liver damage caused by APAP. 

2. Materials and methods 

2.1. Chemicals: 

Paracetamol (APAP, 1 g) was bought as Panadol
®
 from GlaxoSmithKline 

Pharmaceuticals Company (Brentford, United Kingdom). Allicin, was bought as pure 

powder (35% Conc.) from Delta Vet Center (Cairo, Egypt). Omega-3 fatty acids, was 

bought as pure fish oil (Conc.100%) from Sigma Pharmaceutical Industries (Cairo, 

Egypt). The used kits were bought from Bio-diagnostic Company (Giza, Egypt). 

2.2. Experimental animals: 

Seventy male albino Wister rats, 2 months age weighing 160-200 gm were 

obtained from the Center of Laboratory Animals, Faculty of Veterinary Medicine, 

Benha University, Egypt. Prior to the experiment, the rats were left for 

acclimatization for 14 days (temperature 25°C) and were fed ideal laboratory 

commercial diet and water ad libitum. Ethical approval from Animals Care and Use 

Committee Research Ethics Board was obtained from Faculty of Veterinary 

Medicine, Benha University (BUFVTM 07–03-22). 
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2.3. Experimental design: 

Rats were divided into 7 equal groups (10 rats in each group). Group 1 

(Control); had been given distilled water. Group (2); AC (10 mg/kg b. wt, orally). 

Group (3); OMG-3FAs (100 mg/kg b. wt, orally). These doses of AC according to 

Samra et al., (2020) and for OMG-3FA (El-Gendy et al., 2021). Group (4); APAP 

toxic control group that received saline, orally once daily and a single dose of APAP 

1 g/kg b. wt orally on the 27
th

 day of the experiment. Group (5); (AC+APAP). Group 

(6); (OMG-3FA+APAP). Group (7); (AC+OMG-3FA+APAP). rats in these groups 

have been received allicin, omega-3 and APAP as described before. Saline, allicin, 

and omega-3 were administered for 30 days. 

2.4. Sampling: 

Rats were anaesthetized at 31
st
 day of the experiment, blood samples were 

collected from Retro-bulbar venous plexus. Then all rats were euthanized and liver 

tissues were taken out and cut into two parts, one for histopathological investigation; 

the other part was preserved at -80°C for biochemical analysis. 

2.5. Hematological analysis: 

The whole blood samples were used directly after collection on EDTA for 

estimation of hematological parameters including the red blood cells (RBCs) count, 

hemoglobin (Hb) concentration, white blood cells (WBCs) count, hematocrit value 

(APAPV%) and platelets (Plt) count. These parameters were estimated using 

automated hematology analyzer (Mindray BC-2800, China). 

2.6. Serum biochemical studies: 

The biochemical markers were AST and ALT (Reitman and Frankel, 1957), 

ALP (Tietz et al., 1983), triglycerides (TG) and cholesterol (Shah et al., 2011), 

albumin (Doumas et al., 1971) and total protein (Doumas and Biggs, 1975). The 

previous biochemical tests were evaluated in accordance with data protocol provided 

by using commercial kits (Bio-Diagnostic Company, Giza, Egypt). 

2.7. Tissue homogenate preparation for oxidative cascade evaluation: 

The tissue was dissected and rinsed by a PBS solution (phosphate-buffered 

saline) consist of 0.16 mg/ml heparin to separate any RBCs and curd. Tissues were 

homogenized by sonicator homogenizer using 5 ml of 5-10 ml buffer (i.e., 50 mM 

potassium phosphate, pH 7.5 1 mM EDTA) added each gram of tissue. Tissue 

homogenates aliquots were centrifuged in a cooling centrifuge (4000 rpm for 20 min) 

https://academic.oup.com/ajcp/article/28/1/56/1767988
https://www.ncbi.nlm.nih.gov/pubmed/5544065
https://juniperpublishers.com/jpcr/JPCR.MS.ID.555637.php
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and then kept at − 80
o
C. Next, oxidative status was done by determination of 

malondialdehyde (MDA) level (Uchiyama and Mihara, 1978), catalase (CAT) 

activity (Aebi, 1984), and reduced-glutathione (GSH) level (Beutler, 1963) utilizing 

specific diagnostic kits get from the Laboratory Biodiagnostic Company. 

2.8. Histopathological alteration: 

The liver tissue from each rat was fixed quickly in 10% neutral-buffered 

formalin for histopathology. The liver was progressively dehydrated, embedded in 

paraffin, cut into 5-μm sections, and stained with the hematoxylin and eosin (H&E) 

for histological inspection according to the method described by Bancroft and 

Gamble (2008). Finally, light microscopy was used to examine liver tissue sections 

(Leica, Germany). 

2.9. Immunohistochemical examination: 

Liver tissue sections were heated at 60°C for 25 min in an oven (Venticell, 

MMM, Einrichtungen. Germany) and then deparaffinized in xylene and rehydrated 

using graded alcohol. The process of antigen retrieval was performed in 10 mM 

sodium citrate buffer boiled in a microwave. Immunohistochemistry staining steps 

were performed following the manufacturer’s instructions (DakoCytomation, USA). 

In brief, endogenous peroxidase was blocked using 0.03% hydrogen peroxide sodium 

azide for 5 min. Tissue sections were washed gently with wash buffer and then 

incubated with HSP70 were applied at a dilution of 1:200 and of 1:250 respectively 

and polyclonal anti-caspase 3 antibodies (Invitrogen, Cat# PA5-77,887, dilution 

1/100) for overnight at 4 °C followed by incubation with avidin–biotin complex 

(ABC kit, Vector Laboratories) at 37 °C for 45 min. Sections were gently washed 

with wash buffer and kept in the buffer bath in a humid chamber. A sufficient amount 

of streptavidin-HRP was then added and incubated for 15 min followed by washing. 

Diaminobenzidine-substrate chromagen was added to the sections and incubated for 

over 7 min followed by washing and counterstaining with hematoxylin for 5 sec. The 

sections were then dipped in weak ammonia (0.037 M/L) 10 times, washed and cover 

slipped. Positive antigens stained brown under light microscopy. 

2.10. Statistical analysis: 

Statistical analysis was carried out using SPSS (Version 20; SPSS Inc., 

Chicago, USA). The significant divergence through multiple groups comparisons 
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were analyzed by one-way ANOVA and Duncan test as a post hoc test was used. All 

values are expressed as mean ± SE, with significance considered at P ≤ 0.05. 

 3. Results 

3.1. Hematological examination: 

             Figure 1 depicts the haematological analysis results. When compared to the 

control group, exposure to APAP significantly reduced the values of RBC counts, Hb 

concentrations, plateletes counts (PL), and packed cell volumes (PCV), while 

increasing the values of WBC counts. Allicin and/or omega3 administration reduced 

the harmful effects of APAP by reversing these changes in haematological parameters 

to the values observed in control rats. 

3.2. Biochemical analysis: 

The increased serum levels of the liver biomarkers showed the induction of 

hepatotoxicity (Figure 2). When compared to the control rats, the effects of APAP 

toxicity significantly elevated the AST, ALT, and ALP activities as well as the 

cholesterol and triglycerides levels. Also, APAP decreases the concentrations of total 

protein and albumin levels in serum. Contrarily, the case is different where these 

parameters were significantly decreased in the APAP treated-rats with AC, OMG-

3FA, or combination treatment (AC and OMG-3FAs) in comparison with the APAP 

group. When APAP-intoxicated rats were treated with both AC and OMG-3FAs, 

these parameters were restored almost to normal levels when compared to treatment 

with either AC or OMG-3FA alone. Thus, combination of AC and OMG-3FA showed 

better protection from liver damage caused by APAP than either alone. 

3.3. Oxidative stress markers assay: 

Results of APAP toxicity and pretreatment with allicin and/or omega-3 on 

oxidative parameters and lipid peroxidation in the liver have been shown in (Figure 

3). Remarkable reduction in CAT, SOD and GSH levels with Significant elevation in 

MDA levels in liver tissues in APAP-intoxicated rats compared to control rats. 

Besides that, the damaging effects of APAP on liver SOD, CAT, MDA and GSH 

were significally decreased by the administration of allicin and/or OMG-3.  

3.4. Histopathological changes of liver: 

Liver sections from control, AC and OMG-3FA treated rats exhibited normal 

hepatic histo-architecture. Hepatocytes organized in cords radiating from central veins 

and separated by regular sinusoids (Figs. 4A, B, C). Otherwise, APAP intoxicated 
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rats revealed several histological changes represented by severe congestion of the 

central veins and hydropic degeneration of the hepatocytes (Fig.4D), necrosis of some 

hepatocytes as well as inflammatory cells aggregation (Fig. 3E). Liver sections from 

paracetamol+allicin treated rats represented mild congestion in the central veins with 

few inflammatory cells infiltration (Fig. 5A). The examined liver of rats in 

paracetamol+OMG-3FA group revealed few inflammatory cellular infiltrations in 

addition to congestion of blood sinusoids (Fig. 4B). While the liver in paracetamol 

+AC+OMG-3FA group showed congestion of central veins and sinusoids with no 

inflammatory cellular infiltration (Fig. 5C). 

3.5. The expression of HSP70 and Caspas-3 was associated with pathological 

changes of the liver: 

The immunohistochemical staining of the liver (Cleaved caspase-3 expression& HSP70) 

In liver sections of normal control rats, no caspase-3 immunoreactive 

hepatocytes were detected (Fig. 6A). Neither Allicin nor Omega3 alone considerably 

changed the caspase-3 expression. APAP-intoxicated group, however, showed strong 

expression of cleaved caspase-3 (Fig. 6D). As for livers treated with either APAP-

Allicin or APAP-Omega3, they were moderately immune (Fig. 6E, F). Both APAP-

Allicin and APAP-Omega3 produced almost the same intensity of positive reactions. 

 On the other hand, there was a weak positive caspase-3 reaction in sections from the 

APAP-Allicin+ Omega3 group (Fig. 6G). 

To elucidate the function of HSP70 more directly during hepatic APAP-injury, 

we employed HSP70 immunostaining. HSP70 semi quantitative analysis did not 

differ significantly between the groups in their response to allicin and or omega3 

treatment (Fig. 8). However, APAP+ Allicin + Omega3 group showing a smaller 

number of immune positive cells. 

4. Discussion 

The liver is an important organ for the detoxification and deposition of 

endogenous and exogenous substances. The goal of the current study was to establish 

a scientific basis for the use of allicin and omega-3 combination therapy in 

conventional medicine by examining its protective effects against APAP-induced 

hepatotoxicity in Wistar rats. One of the most commonly used experimental models 

for assessing a drug's hepatoprotective capabilities is APAP-induced liver damage. 

Indeed, APAP-treated rats showed higher serum levels of each of these indicators 

than did controls, which supported the existence of hepatic injury and demonstrated 



 
 

-41- 

 

the model's viability. Drug-induced hepatotoxicity is one of the major reasons for the 

mortality and morbidity of human beings across the world (Bhawna & Kumar, 

2009).  

Paracetamol (acetaminophen) is used globally for its analgesic and antipyretic 

properties: however, it causes acute liver damage if administered in overdose 

(Akhilraj et al., 2021). The toxic effect of paracetamol on the liver is not only from 

paracetamol, but also from its metabolite N-acetyl P benzo quinonimine (NAPQI) 

also known as N-acetyllimidoquimone. NAPQI depletes the liver's natural antioxidant 

glutathione and directly damages liver cells, leading to liver failure (Akhilraj et al., 

2021). APAP is also directly involved in the induction of oxidative stress resulting in 

lipid peroxidation, depletion in antioxidants, and ATP synthesis, and ultimately 

leading to liver damage (Rabiul et al., 2011). 

The current investigation showed that a single acute overdose of APAP led to 

a significant change in some hematological and biochemical parameters.  

Oyedeji et al., (2013) stated that erythrocyte deformability is decreased and 

membrane permeability is increased in toxic APAP doses, which lowers erythrocyte 

survival. Our results recorded decreased values of RBCs, Hb, APAPV, and PL counts 

in APAP-intoxicated rats. Therefore, it was presumed that APAP increases the 

degradation rate of erythrocytes. The rise in WBCs seen in the APAP-treated rats is 

consistent with the result of Matić et al. (2021) and that may be an indicator to acute 

inflammation. The harmful effects were reduced by allicin and/or omega3 treatment, 

which returned changes in the hematological parameters to the recorded values in the 

control group. 

Furthermore, APAP intoxication revealed significant elevations of serum 

ALT, AST, ALP, triglycerides (TG) and total cholesterol (TC). Both serum ALT and 

AST concentrations as a diagnostic for hepatic necrosis. Also, APAP caused 

reduction in serum levels of total protein and albumin. The reductive transfer of 

amino acids from alanine or aspartate, respectively, to alpha ketoglutarate to produce 

pyruvate or oxaloacetate, is carried out by both the ALT and AST enzymes. 

Hepatocytes that have been damaged discharge their contents, including ALT and 

AST, into the extracellular space (Islam et al., 2021). 
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The hepatic cells are harmed by the NAPQI which created by an excess intake 

of paracetamol through lipid peroxidation, which damages cellular permeability and 

raises blood levels of ALT and AST (Islam et al., 2021).  

Moreover, the elevated serum ALP level observed, in this study, could be 

attributable to defective hepatic excretion or increased ALP synthesis by hepatic 

parenchymal or duct cells in the presence of increasing biliary pressure as reported by 

Iyanda and Adeniyi (Iyanda and Adeniyi, 2011). The intoxication of APAP seems to 

cause impairment of metabolism of lipoprotein (Kobashigawa and Kasiske, 1997).  

leading to alteration of cholesterol metabolism. The availability of free acid, slower 

hepatic release of lipoprotein, and enhanced esterification of free acids may all 

contribute to the higher blood level of TG produced by APAP. 

The reduction in total protein levels seen in APAP-treated rats suggests the 

destruction of many hepatic cells, which may result in a decrease in hepatic capacity 

to synthesis protein as most plasma proteins are synthesized by hepatocytes 

(Chaphalkar et al., 2017). Oxidative stress is another possible indicator of liver 

damage and as reported before it is an important mechanism that has been proposed to 

have a role in the development of APAP toxicity (Wang et al., 2017).  

Oxidative stress induces the production of free oxygen radicals, an undesirable 

by-product. It is the main factor in APAP induced liver toxicity and can exacerbate 

free radical chain reactions (Parikh et al., 2015). In the current study, we observed 

that   the APAP treated animal group showed significant reduction in GSH, SOD, 

CAT and increased MDA level compared with the vehicle group as indicator of lipid 

peroxidation in the liver of rats. These changes in these biomarkers are due to 

depletion of the enzyme substrates and irreversible inactivation of enzyme proteins 

from increased ROS production (Verma et al., 2017). Treatment with allicin and/or 

omega 3 significantly lessened the damaging consequences, reverting alterations in 

the biochemical and oxidative parameters to those that had been observed in the 

control group. 

Allicin is the main active ingredient in freshly crashed garlic. It has been 

reported to have anti-inflammatory and antioxidant properties (Shang et al., 2019). 

Allicin is a natural antioxidant, that not only scavenges oxygen free radicals and 

hydroxyl radicals, but also prevents the lipid peroxidation of liver homogenates 

induced by hydroxyl radicals (Zhang et al., 2012). Our present study provides that 
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dietary allicin can partially offset the toxicity of APAP. The findings highlight the 

critical function of dietary antioxidants like garlic in the nutritional protection of 

oxidative stress-related pathologies.  

Cytosolic aminotransferases and ALP are used as an index for hepatocellular 

membrane damage, as they leak out into the blood stream following exposure to 

chemicals, including drugs and toxic substances (Al-Brakati et al., 2019). The 

APAP-treated group showed a considerable increase in these indicators. Serum liver 

functions, including ALT, AST, ALP, TG, and cholesterol, were significantly 

reduced. Additionally, allicin elevated total protein and albumin level when compared 

to toxic group. Remarkably, the elevated serum liver function markers that occurred 

after APAP administration were decreased by allicin supplementation. These findings 

suggest that allicin protects the liver from damage caused by APAP exposure by 

maintaining the hepatocyte membrane's shape and integrity. 

Antioxidant enzymes such as CAT, MDA, GSH, SOD can protect cellular 

compounds against damage induced by free radicals. Therefore, the activities of these 

enzymes have been used to assess oxidative stress in cells (Liu et al., 2010). Allicin 

can restore the activity of antioxidant enzymes and possibly reduce the generation of 

free radicals in vitro and in vivo. The antioxidant effect of allicin may be direct 

through scavenging of ROS or indirect by activating and increasing activity of 

endogenous cellular antioxidant defenses (Kelsey et al., 2010). 

Omega-3 long-chain polyunsaturated fatty acids (Omega-3 PUFAs) daily 

doses are nowadays recommended for their antioxidant and anti-inflammatory 

potentials (El-Gendy et al., 2021). They have a variety of proposed mechanisms of 

action; the most significant of which would be modulating cell proliferation, 

regulating fatty acid metabolism, inhibiting lipogenesis as well as suppressing 

inflammation and oxidative stress (Huang et al., 2015; Wang et al., 2017). Omega-3 

fatty acids have been shown to have hepatoprotective properties in several 

investigations (Adeyemi and Olayaki, 2017; Eraky and Abo El-Magd, 2020). 

The mechanisms underlying the hepatoprotective effects of Omega-3 PUFAs 

includes its ability to increase GSH along with its capability to scavenge free radicals 

and consequently inhibit lipid peroxidation (Shaaban et al., 2014; Sohail et al., 

2019).The APAP-induced hepatocellular injury was confirmed by a significant 

increase in serum ALT, AST, ALP activities, TG and cholesterol concentrations and 
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significant reduction in total protein and albumin levels compared with normal rats, 

indicating cell damage with cell membrane disruption, leading to cellular leakage and 

hepatic dysfunction. Pretreatment with OMG-3fatty acids ameliorated this increase in 

these activities and protected against hepatic dysfunction.  

APAP toxicity is mainly associated with the over-production of ROS as well 

as deterioration of antioxidant capacity (Hasanein and Sharifi, 2017). ROS promotes 

membrane lipid peroxidation, fragmentation of polyunsaturated fatty acids, leading to 

cellular damage (El-Ashmawy et al., 2018). This was demonstrated by the significant 

increase in hepatic MDA concentration as an indication of lipid peroxidation as well 

as a significant decrease in the hepatic GSH, SOD and CAT as an indication of 

oxidative stress. Antioxidant activity of OMG-3fatty acids was evidenced by the 

ability to decrease MDA concentration, inhibiting lipid peroxidation as well as 

increasing GSH, SOD and CAT. 

 Additionally, the results of histopathological examination of the liver 

confirmed the serum biochemical and oxidative findings which have been reported in 

other studies and showed that APAP hepatic damages tissue by causing oxidative 

damage (Saritas et al., 2014; Uysal et al., 2016). The liver tissue was arranged in 

lobules according to the histological report of the normal control group. Significant 

and widespread necrosis with degenerative changes, central veins dilatation, were 

seen in the paracetamol group and these result compatible with previous study 

(Akhilraj et al., 2021). While the treated rats with allicin or omega 3 showed more 

hepatic protective evident and represented mild congested central veins with some 

inflammatory cells infiltration in addition to congestion of blood sinusoids in the 

combined treated rats, the examined liver showed congestion of central vein and 

sinusoids without inflammatory cells infiltration.  

Besides that, a significant increase in the levels of apoptosis-related proteins 

such as caspase-3 was observed suggesting a vital role of apoptosis in paracetamol-

induced hepatic injury as showed in the results. While our findings showed that allicin 

and/or OMG-3FAs downregulated the pro-apoptogenic proteins caspase 3. 

Also, the HSP70 immunohistochemical staining of liver made to elucidate the 

function of HSP70 more directly during hepatic APAP-injury, we employed HSP70 

immunostaining. HSP70 semiquantitative analysis did not differ significantly between 

the groups in their response to Allicin and or Omega3 treatment. However, APAP-
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Allicin+ Omega3 group showing a smaller number of immune positive cells. Finally, 

our results reported that there was a direct link between allicin and/or OMG-3FAs 

pretreatment and suppression of apoptosis represented by a reduction in active 

caspase-3 and HSP70. 

5. Conclusion 

 Pretreatment with allicin and/or omega-3 fatty acids had better protective 

effects on APAP-induced liver injury than either one alone. Therefore, combining 

allicin with omega-3 therapy could be a unique way to slow the progression of APAP-

induced hepatotoxicity. 
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Fig. 2-1. Effect of allicin and/or omega3 and paracetamol on hematological parameters in rats 
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Fig. 2-2. Effect of allicin and/or omega3 on liver biomarkers in paracetamol-

induced hepatotoxicity in rats including, ALT, AST, ALP, total protein, 

albumin, cholesterol and triglycerides. 
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Fig. 2-3.  Protective effect of allicin and/or OMG-3 on hepatic MDA, CAT, SOD     

and GSH level in rats with acute paracetamol (APAP) exposure. Values 

are Bars carrying different letters are significantly different at 0.05 

propability. 
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  Fig. 2-4. Histopathological sections of livers from control, allicin, omega 3 and paracetamol 

treated rats A, B and C; Control, allicin and omega 3 groups exhibited normal 

hepatic histo-architecture. Hepatocytes radiated from central vein (CV) organizing 

in cords. D-E; Paracetamol intoxicated rats exhibted enormous histological 

changes. D; severe congestion of the central vein (CV) and hydropic degeneration 

of the hepatocytes (Thick arrow). E; inflammatory cells aggregation (I). H&E stain, 

scale bars=50µm. 
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Fig. 2-5. Histopathological sections of livers from the rest of paracetamol+allicin, 

paracetamol+omega-3, and paracetamol+allicin+omega-3 groups. A, B and C; 

respectively. A; showed mild congested central vein (CV) with some inflammatory 

cells infiltration (I). B; showed few inflammatory cells infiltration (I) in addition to 

congestion of blood sinusoids (thin arrow). C; showed congestion of central vein (CV) 

without inflammatory cells infiltration. H&E stain, scale bars=50µm.  
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Fig. 2-6. Immunostaining for liver sections of rats showing changes in 

hepatic cleaved caspase-3 expression after treatment with Allicin 

and/or Omega3. (A) Control sham group, (B) Allicin alone group, (C) 

Omega3 alone group all showing negligible caspase-3 

immunopositivity, (D) Paracetamol-intoxicated group showing diffuse 

strongly stained caspase-3 immune reactive hepatic cells, (E) APAP-

Allicin group, (F) APAP-Omega3 group both showing moderate 

immunopositivity, (G) APAP-Allicin+ Omega3 group showing 

noticeably reduced caspase-3 expression. Brown color indicates 

immunopositivity. 
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Fig. 2-7. Bar graph of semiquantitative evaluation of Immunostaining 

intensity for caspase-3 expression in rats from different experimental 

groups. Data are presented as mean ± standard deviation, *: 

statistically significant relative to APAP group at **P > .005, 

***P > .0005, ****P > .00005 using ANOVA, Bonferroni post hoc 

test. 
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Fig. 2-8. Immunostaining for liver sections of rats showing changes in 

Hepatic Hsp70 expression after treatment with Allicin and/or 

Omega3. (A) Control sham group, (B) Allicin alone group, (C) 

Omega3 alone group all showing insignificant caspase-3 

immunopositivity, (D) Paracetamol-intoxicated group, (E) APAP-

Allicin group, (F) APAP-Omega3 group both showing focally stained 

immunopositivity, (G) APAP-Allicin+ Omega3 group showing a 

smaller number of immune positive cells. Brown color indicates 

immunopositivity. 
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Fig. 2-9. Bar graph of semiquantitative evaluation of Immunostaining intensity 

for HSP70 expression in rats from different experimental groups. Data 

are presented as mean ± standard deviation, *: statistically significant 

relative to APAP group at *P >. 05, **P > .005 using ANOVA, 

Bonferroni post hoc test. 

 



 
 

-55- 

 

Protective effect of allicin and omega-3 fatty acids against 

paracetamol induced renal toxicity. 

 Abstract: 

Paracetamol (APAP) is a well-known medication with widespread use for its 

analgesic and antipyretic effects. Renal failure caused by an over dosage of 

paracetamol is widespread in both experimental animal models and individuals. The 

study focus was planned to examine the AC and/or OMG-3 ameliorative impact on 

APAP-caused nephrotoxicity in rats. Randomly, Seventy Westar rats were subdivided 

into seven groups (10 of each): Control group (given saline), AC (10 mg/kg, PO.), the 

OMG-3 (100 mg/kg, PO.), APAP (1 g/kg, single dose PO on 27th day), AC+APAP, 

OMG-3 +APAP, and AC+ OMG-3+APAP group. Following APAP administration, it 

significantly reduced serum levels of total protein and albumin while noticeably 

raising serum levels of creatinine and urea. Additionally, reduced glutathione (GSH) 

concentration, superoxide dismutase (SOD), and catalase (CAT) activity all 

decreased, and malondialdehyde (MDA) level in the renal tissues dramatically 

increased. Along with the activation of caspase-3 and HSP70, APAP may also have a 

substantial impact on the kidney histopathology. As a result, our findings suggest that 

allicin and/or omega-3 have a potential protective impact through its anti-

inflammatory, anti-apoptotic, and antioxidant defense systems. 

Keywords: Paracetamol; Nephrotoxicity; Caspase-3; HSP70; Antioxidant; Allicin; 

Omega-3. 

 1. Introduction 

Nephrotoxicity occurs when kidney-specific detoxification and excretion do 

not function optimally due to the damage or destruction of kidney function by 

exogenous, endogenous toxicants (Kim et al., 2012) or exposure to drugs (Lakshmi 

et al., 2012). One of these drugs is acetaminophen or paracetamol (N-acetyl-p-

aminophenol) (APAP) marketed as Panadol or Tylenol and other preparations belong 

to a group of drugs called antipyretics (fever reducers) and analgesics (pain killers) 

(Coresh et al. 2007; Baleni et al. 2015). It occupies a unique position among 

analgesic drugs. Unlike NSAIDs it is almost unanimously considered to have no anti-

inflammatory activity and does not produce gastrointestinal damage (Bertolini et al., 

2006). APAP is generally considered as safe but overdose of APAP can cause 

nephrotoxicity (Chinnappan et al., 2019). 
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 It has no side effect when used at the therapeutic doses but the chronic use and 

over dosage may result in hepatic and nephrotoxicity or even death (Goyal et al., 

2011; Fan et al., 2011; Raoof et al., 2012). In large doses of APAP, significant 

amounts of NAPQI are produced which overwhelm the cellular antioxidant system 

through depletion of GSH and GSH dependent enzymes enhancing excessive 

production of reactive oxygen species (ROS) accompanied by oxidative stress 

(Canayakin et al., 2016; Zhang et al., 2016; Wang et al., 2017; El-maddawy and 

El-sayed, 2018; Abdel-Daim and Abdeen, 2018). Acute renal failure induced by a 

toxic dose of acetaminophen (also known as paracetamol, or APAP) is common in 

both humans and experimental animal models (Dallak et al., 2022).  

 Even if nephrotoxicity is less common than hepatotoxicity in APAP overdose, 

renal tubular damage and acute renal failure can occur even in the absence of liver 

injury (Palani et al., 2009).  Although the exact mechanism of APAP-induced 

nephrotoxicity remains unclear, oxidative stress and the generation of toxic reactive 

oxygen species (ROS) induced by NAPQI are known to play major roles in the 

pathogenesis of APAP-induced renal injury   (Ko et al., 2017). Therefore, we 

hypothesized that oxidative damage and lipid peroxidation induced by ROS might be 

involved in the nephrotoxicity of APAP in rats and that a combination of drug 

delivery together with potent antioxidant effect and might be able to mitigate toxic 

effects of APAP on kidney. 

 Allicin is the first-isolated and main biologically active component of garlic. 

(Borlinghaus et al., 2014). Among the active constituents in garlic, one major 

component is allicin (thio-2-propene-1-sulfinic acid S-allyl ester), which is formed 

from the stable precursor S-allyl Cysteine-S-oxide (alliin) by the action of the enzyme 

alliinase when garlic cloves are crushed or macerated (Okada et al., 2006).  It 

possesses antioxidant activity and is shown to cause a variety of actions potentially 

useful for human health (El-Kashef et al., 2015). 

  The mechanism of the antioxidant activity of allicin may rely on its ability to 

scavenge oxygen free radicals (Ghanayem et al., 2005). Chung et al., (2013) 

documented that allicin is a natural antioxidant that scavenges the hydroxyl and 

oxygen free radicals as well as prevents the hydroxyl radical-induced lipid 

peroxidation of tissue homogenates. Taubert et al., (2006) have shown that allicin 

could inhibit the activity of cytochrome P450 enzyme CYP2E1.In which form 
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reactive toxic metabolite that in turn produce kidney injury in experimental animals 

and humans (Das et al., 2010; Moore et al., 2013). So, we hypothesized that allicin 

can reduce oxidative stress and nephrotoxic effect induced by paracetamol. 

Omega-3 polyunsaturated fatty acids (OMG-3FAs) are compounds containing 

more than two double bonds with the first double bond on the third carbon atom from 

the methyl end of the molecule. Examples of essential dietary OMG-3FAs derived 

from fish oil are eicosapentaenoic acid, docosahexaenoic acid, and alpha linolenic 

acid (Owumi et al., 2020). These fatty acids are incorporated in many parts of the 

body, including cell membranes, and play a role in cell signaling and the anti-

inflammatory and antioxidant processes (de Batlle et al., 2012; Avramovic et al., 

2012). 

Several studies have demonstrated the use of OMG-3FA in ameliorating 

oxidative stress and apoptosis as well as pharmaceutical drug in the treatment of 

inflammatory diseases (Li et al., 2017; Lee and Kang, 2019; Bäck and Hansson, 

2019). Also, the renoprotective effect of OMG-3FA has been also established (El-

Ashmawy et al., 2018(. Clinical studies suggest that long-term treatment with OMG-

3 fatty acids improves renal function and lowers the risk of death or end-stage renal 

disease (Hassan and Gronert, 2009). Therefore, this study aims to clarify the 

preventative role of AC and/or OMG-3FAs in preventing APAP-induced kidney 

injury. 

2. Materials and Methods  

2.1. Chemicals: 

Paracetamol (APAP, 1 g) was bought as Panadol® from GlaxoSmithKline 

Pharmaceuticals Company (Brentford, United Kingdom). Allicin, was bought as pure 

powder (35% Conc.) from Delta Vet Center (Cairo, Egypt). Omega-3 fatty acids, was 

bought as pure fish oil (Conc.100%) from Sigma Pharmaceutical Industries (Cairo, 

Egypt). The used kits were bought from Bio-diagnostic Company (Giza, Egypt).  

2.2. Experimental animals: 

Seventy male albino Wister rats, 2 months age weighing 160-200 gm were 

obtained from the Center of Laboratory Animals, Faculty of Veterinary Medicine, 

Benha University, Egypt. Prior to the experiment, the rats were left for 

acclimatization for 14 days (temperature 25°C) and were fed ideal laboratory 

commercial diet and water ad libitum. Ethical approval from Animals Care and Use 
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Committee Research Ethics Board was obtained from Faculty of Veterinary 

Medicine, Benha University (BUFVTM 08–03-22).  

2.3. Experimental design: 

Rats were divided into 7 equal groups (10 rats in each group). Group 1 

(Control); had been given distilled water. Group (2); AC (10 mg/kg b.wt, orally). 

Group (3); O3FA (100 mg/kg b.wt, orally). These doses of AC according to Samra et 

al., (2021) and for OMG-3FA (El-Gendy et al. 2021). Group (4); APAP toxic control 

group that received saline, orally once daily and a single dose of APAP 1 g/kg b.wt 

orally on the 27
th

 day of the experiment. Group (5); (AC+APAP). Group (6); (OMG-

3FA+APAP). Group (7); (AC+                   OMG-3FA+APAP). rats in these groups 

have been received allicin, omega-3 and APAP as described before. Saline, allicin, 

and omega-3 were administered for 30 days. 

2.4. Sampling: 

Rats were anaesthetized at 31st day of the experiment, blood samples were 

collected from Retro-bulbar venous plexus. Then all rats were euthanized and liver 

tissues were taken out and cut into two parts, one for histopathological investigation; 

the other part was preserved at -80°C for biochemical analysis. 

2.5. Serum biochemical studies: 

The biochemical parameters were urea (Coulombe and Favreau, 1963), 

Creatinine (Larsen, 1972), total protein and albumin. The previous biochemical tests 

were evaluated in accordance with data protocol provided by using commercial kits 

(Bio-Diagnostic Company, Giza, Egypt). 

2.6. Tissue homogenate preparation for oxidative markers evaluation: 

The tissue was cut and rinsed by a PBS (phosphate-buffered saline) solution 

contain 0.16 mg/ml heparin to separate any RBCs and curd. Tissues were 

homogenized by sonicator homogenizer using 5 ml of 5-10 ml buffer (i.e., 50 mM 

potassium phosphate, pH 7.5 1 mM EDTA) added each gram of tissue. Tissue 

homogenates supernatant were centrifuged in a cooling centrifuge (4000 rpm for 15 

min) and then stored at − 80
o
C. Next, oxidative status was done by determination of 

malondialdehyde (MDA) level (Uchiyama and Mihara, 1978), catalase (CAT) 

activity (Aebi, 1984), SOD and reduced-glutathione (GSH) level (Beutler, 1963) 

using specialized diagnostic kits get from the Laboratory Biodiagnostic Company. 

2.7. Histopathological examinations: 
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The renal tissue of right kidneys from each rat was quickly fixed in 10% 

neutral-buffered formalin for histopathology. The kidneys were progressively 

dehydrated, embedded in paraffin, cut into 5-μm sections, and stained with the 

hematoxylin and eosin (H&E) for histological inspection for histological inspection 

according to the method described by Bancroft and Gamble (2008). Finally, kidney 

tissue sections were observed by light microscopy (Leica, Germany). 

2.8. Immunological assays: 

Kidney tissue sections were heated at 60°C for 25 min in an oven (Venticell, 

MMM, Einrichtungen. Germany) and then deparaffinized in xylene and rehydrated 

using graded alcohol. The process of antigen retrieval was performed in 10 mM 

sodium citrate buffer boiled in a microwave. Immunohistochemistry staining steps 

were performed following the manufacturer’s instructions (DakoCytomation, USA). 

In brief, endogenous peroxidase was blocked using 0.03% hydrogen peroxide sodium 

azide for 5 min. Tissue sections were washed gently with wash buffer and then 

incubated with HSP70 were applied at a dilution of 1:200 and of 1:250 respectively 

and polyclonal anti-caspase 3 antibodies (Invitrogen, Cat# PA5-77,887, dilution 

1/100) for overnight at 4 °C followed by incubation with avidin–biotin complex 

(ABC kit, Vector Laboratories) at 37 °C for 45 min. Sections were gently washed 

with wash buffer and kept in the buffer bath in a humid chamber. A sufficient amount 

of streptavidin-HRP was then added and incubated for 15 min followed by washing. 

Diaminobenzidine-substrate chromagen was added to the sections and incubated for 

over 7 min followed by washing and counterstaining with hematoxylin for 5 sec. The 

sections were then dipped in weak ammonia (0.037 M/L) 10 times, washed and cover 

slipped. Positive antigens stained brown under light microscopy. 

2.9. Statistical analysis: 

Statistical analysis was carried out using SPSS (Version 20; SPSS Inc., 

Chicago, USA). The significant divergence through multiple groups comparisons 

were analyzed by one-way ANOVA and Duncan test as a post hoc test was used. All 

values are expressed as mean ± SE, with significance considered at P ≤ 0.05. 

3. Results 

3.1. Biochemical study: 

Figure 1 indicates that in comparison with control group, the serum creatinine 

and urea levels exhibited a significant increase and serum albumin and total protein 
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levels showed a significant reduction in APAP treated group. In contrast, AC+APAP, 

OMG-3+APAP, and AC+OMG-3+APAP group a marked drop in urea and creatinine 

and a remarkable elevation in albumin and total protein was recorded in comparison 

with APAP treated group. 

3.2. Oxidative stress markers assay: 

Figure. 2. displays the effects of APAP toxicity and treatment with allicin 

and/or omega-3 on oxidative parameters and lipid peroxidation in the kidney. In renal 

tissues of APAP-intoxicated rats, MDA levels significantly increased whereas CAT, 

SOD and GSH levels were decreased when compared to control rats. Besides that, the 

damaging effects of APAP on renal MDA, CAT, SOD and GSH were almost restored 

to normal by the administration of allicin and/or omega-3.  

3.3. Histopathological changes of kidney: 

After 4 weeks of the experiment, kidney tissues were harvested from each 

animal group and stained with H&E and examined under a light microscope. 

According to the histologic morphology of the sham control group's kidneys (Figs. 3, 

(1A,1B)), proximal and distal convoluted tubules of renal corpuscles or Malpighian 

renal corpuscles were normal. The sham + Allicin 10 mg/kg (Figure 3, (2A,2B)) and 

the sham + Omega3 100 mg/kg (Figure 3, (3A,3B)) groups showed similar 

microscopic morphology to the sham control group. 

As shown in (Figs. 4) by widening of the glomerulus space, tubular dilatation, 

numerous cellular debris in the renal tubules, as well as vacuolization, and extensive 

tubular epithelial degeneration, paracetamol substantially damaged kidney tissue. A 

number of tubules lumina exhibited hyaline casts, desquamated cells, and necrotic cell 

debris. The interstitium of the renal cortex also showed extravasation and congested 

blood vessels. 

As shown in Figure 5, both the paracetamol 1 g/kg + Allicin 10 mg/kg group 

as well as the paracetamol 1 g/kg + Omega3 100 mg/kg had a better morphology with 

less tubular necrosis in comparison to the control positive untreated group. 

The normal structure of renal corpuscles and convoluted tubules was 

preserved following allicin plus omega3 treatment (Figs. 5, (3A,3B)). There were, 

however, a few mildly dilated glomeruli spaces in some fields. Many tubules had 

restored the brush border at the apex and narrow lumina. The presence of mild tubular 
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epithelial vacuolization, luminal cast formation and cell desquamations was hardly 

detected. 

Besides, the mean thickness of the glomerular space in the Allicin plus 

Omega3 group was significantly reduced (p>0.0000) compared with the control group 

but was still significant (p = 0.0000) (Fig.7). In 10 non-overlapping high-power 

fields/rat of H&E-stained sections, the thickness of glomeruli space was measured 

using the Image J 1.53q image analyzer (National Institutes of Health, USA). 

Using a 4-point scale based on ten randomly chosen non-overlapping fields, a 

pathologist estimated the percent of tubular injury (criterion: epithelial flattening, 

tubular dilatation, brush border loss). The scoring system used only cortical tubules, 

grading the degree of injury from 0 to 4: 0 = no tubular injury; 1 = 10% tubular 

injury; 2 = 10%-25% tubular injury; 3 = 26%-50% tubular injury; 4 = 51%-75% 

tubular injury; and 5 = > 75% tubular injury as shown in (Fig.6). 

In the animals treated with Allicin plus Omega3, the kidney histology 

displayed the lowest average score of all groups, correspond to the most normal renal 

architecture with the minimum extent of injury (Figs. 5,6,7). 

Using analysis of variance (ANOVA) and post-hoc analysis (Bonferroni), 

quantitative data were tabulated as means and standard deviations (SD). When P-

value is (p>0.0000), significant differences are taken into account. 

3.4. The expression of Caspase-3 and HSP70 was associated with pathological 

changes of the kidney: 

3.4.1. Immunohistochemical analysis (caspase-3 expression) 

Immunohistochemical analysis revealed almost no caspase-3 immune-reactive 

renal epithelium in kidney sections of normal control rats (Fig. 8). On contrary, When 

kidney tissues were Semi-quantitatively examined (Figure 9), Paracetamol-

intoxicated group showed significant increase in caspase-3 expressions in comparison 

to the control sham group (P < .00005). Allicin Omega3 coadministration 

significantly reduced these expressions when compared to Paracetamol-intoxicated 

group (P < .00005). The change of Caspase 3 protein expression was consistent with 

the pathological damage in rats' kidney. 

3.4.2. Immunohistochemical analysis (HSP70 expression) 

Immunohistochemical study showed that the Paracetamol-intoxicated group 

HSP70 protein was noticeably expressed in the renal tissue of rats (Fig. 10) compared 

https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1002/prp2.659#prp2659-fig-0004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020008#pone-0020008-g004
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with that in the sham group which showed completely no HSP70 protein expression 

in rats' kidney. Besides, some HSP70 proteins spread from the kidney cells and 

disseminated in kidney tubules and renal interstitium. Meanwhile, Kidney section of 

allicin only or omega3 only treated groups showed partial inhibition of HSP70 

expression as evidenced by weak immune staining in the cortical regions. Moreover, 

least or modest HSP70 protein expression in rats' kidney was recorded in sections 

from groups co-treated with Allicin and Omega3. 

4. Discussion  

 The kidney is a vital organ, involved in the removal of metabolic waste 

products, fluid volume control, and preservation of electrolyte balance. APAP is 

widely, used as analgesic and antipyretic drug in general medicine hence an 

assessment of its relative toxicity is important. Acetaminophen (APAP)-induced acute 

kidney injury is known in human (Mour et al., 2005) and animal models (Karaali et 

al., 2019).  

Although paracetamol, with the alternative name acetaminophen (APAP), has 

a reasonable safety profile in therapeutic doses, its overdose remains the most 

important cause of liver injury and even death in many parts of the world among all 

drug toxicities (Larson et al., 2005; Karakus et al., 2013; Yayla et al., 2014). 

Hepatotoxic and nephrotoxic effects of paracetamol overdose occur by a complex 

sequence of events (Hinson et al., 2010). Acetaminophen induced nephrotoxicity 

becomes evident after hepatotoxicity in most cases, but the occurrence of renal 

tubular damage and acute renal failure, even in the absence of liver injury, should not 

be ignored (Eguia & Materson 1997).  

The main objective of our study was to elucidate (i) whether acetaminophen 

(APAP) overdose can induce alterations to the glomerulus ultrastructure; and (ii) 

whether the combined two antioxidants, allicin and omega-3 FAs can protect against 

APAP-induced ultrastructural changes and increment of biomarkers of acute kidney 

injury. It is well documented that APAP in large doses causes renal damage as a result 

of the accumulation of higher levels of the APAP-toxic metabolite, NAPQI. The 

NAPQI-induced renal toxicity is mediated by oxidative stress that occurred due to 

enhanced ROS formation which oxidize the cellular macromolecules leading to 

induction of lipid peroxidation, protein oxidation, mitochondrial dysfunction, and 
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DNA damage (Das et al., 2010; Yousef et al., 2010; Canayakin et al., 2016; 

Karthivashan et al., 2016; Murad et al., 2016; Elmaddawy and El-sayed, 2018).  

Urea and creatinine are important indicators of renal damage in clinical 

findings (Refaie et al., 2014; Uthra et al., 2017). These enzymes are very sensitive 

markers employed in the diagnosis of kidney diseases. Thus serum urea and creatinine 

were evaluated to demonstrate kidney damage. Our results revealed that the levels of 

urea and creatinine were significantly increased by APAP intoxication to rats when 

compared with control group. Also, levels of albumin and total protein exhibited 

remarkable reduction in APAP intoxicated groups compared with control group, 

proving that renal function has deteriorated. Our findings are also consistent with 

those of other researchers who found that APAP-induced kidney damage is 

manifested by increased serum urea and creatinine levels (Cekmen et al., 2009; 

Karthivashan et al., 2016). 

It is well known that SOD, GSH, CAT and MDA are important biomarkers of 

the antioxidant capacity of the body, which protects against oxidative stress-induced 

damage. Oxidative stress is indicated by an increased lipid peroxidation and/or altered 

non-enzymatic and enzymatic antioxidant systems. Following the oral administration 

of paracetamol, we investigated alteration in tissue MDA levels as well as reductions 

in tissue GSH, CAT level, and SOD activity as markers of the oxidative stress 

process. The increment in lipid peroxidation was accompanied by a remarkable 

reduction in the GSH level.  

GSH is a tripeptide, that is, found in many mammalian tissues and is an 

important free radical scavenger and scavenger of NAPQI, which is a reactive 

intermediate of paracetamol (Yayla et al., 2014). It plays an important role in the 

antioxidant defense system and removes free-radical species, such as hydrogen 

peroxide and superoxide radicals, and it maintains membrane protein thiols. In current 

investigation renal MDA level was increased and activities of major renal antioxidant 

enzymes (GSH, SOD and CAT) were significantly inhibited due to APAP 

intoxication. The lower SOD, CAT and GSH levels, as well as the higher MDA 

levels, were consistent with previous research on paracetamol-induced nephrotoxicity. 

(Canayakin et al., 2016; Yousef et al., 2010; Abdul Hamid et al., 2012). 

Allicin is the active ingredient of garlic and it is an organic disulfide formed 

from alliin (Borlinghaus et al., 2014). In a study by Maldonado et al., (2003), they 
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revealed that a derivative of allicin called allyl cysteine could ameliorate gentamicin 

induced acute renal failure in rats via preservation of the antioxidant enzymes in the 

renal cortex. Previous studies have been shown that allicin has hepatorenal protective 

effects because it has antioxidant, ROS scavenging, immunomodulatory and anti-

inflammatory activities (Naik and Panda, 2007; MehmetÇik et al., 2008; El-Kashef 

et al., 2015).  

The present results indicate that rats treated with allicin exhibited decreased 

serum urea, creatinine and increase albumin and total protein levels towards normal 

levels as compared with the APAP intoxicated group, suggesting the allicin to some 

extent protected against the kidney toxicity induced by APAP. 

Allicin can protect the cells from oxidative stress, via scavenging free radical, 

as well as decreasing cytotoxic compounds (Chan et al., 2013). Allicin reduced and 

prevented renal induced lipid peroxidation and deterioration of antioxidant biomarker, 

confirming that it alleviated APAP-induced oxidative stress in renal tissue. The levels 

of MDA, an end product of lipid peroxidation, were significantly decreased with the 

addition of allicin in the current study, as compared with the APAP groups.  

The results agreed with the study of Şener et al., (2000), According to his 

findings, an aqueous garlic extract significantly inhibits the increase of MDA, 

allowing the MDA concentration to return to baseline levels. GSH is an important 

constituent of intracellular protective mechanisms against various noxious stimuli 

including oxidative stresses (Moskovitz et al., 2002). SOD is a metalloproteinase to 

detoxify superoxide anions as an efficient dismutative mechanism and it is the first 

enzyme involved in the antioxidant defense (Salvemini et al., 2002). Administration 

of allicin increased the levels of GSH, SOD and CAT compared with those in the 

APAP-intoxicated group.  

These findings indicated that the protective effects of allicin might reflect its function 

as an antioxidant and ant apoptotic agent. 

The past three decades have been a period of rapid expansion in the scientific 

knowledge of OMG-3PUFAs. Recent studies have shown that Fish oil enriched in 

OMG-3fatty acids retard the progression of various forms of cancers, depression, 

arthritis, asthma, cardiovascular and renal disorders (De Caterina et al., 1994). Also, 

the renoprotective effect of OMG-3 FAs has been also established (El-Ashmawy et 

al., 2018). Clinical studies suggest that long-term treatment with OMG-3 FAs fatty 
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acids improves renal function and lowers the risk of death or end-stage renal disease 

(Hassan and Gronert, 2009). The current study was designed to investigate the 

hypothesis that OMG-3consumption could ameliorate APAP-induced nephrotoxic and 

other side effects, allowing for further therapeutic use of the drug. 

A significant increase in serum creatinine, urea and decrease in albumin and 

total protein concentrations as illustrated in APAP intoxicated group indicating renal 

damage. OMG-3fatty acids improved renal function and had renoprotective effects by 

normalizing serum creatinine, urea, and other biomarker levels. APAP toxicity is 

mainly associated with the over-production of ROS as well as deterioration of 

antioxidant capacity (Hasanein and Sharifi, 2017). 

 ROS promote membrane lipid peroxidation, fragmentation of polyunsaturated 

fatty acids, leading to cellular damage (El-Ashmawy et al., 2018). This was indicated 

by the remarkable increase in renal MDA concentration as an indication of lipid 

peroxidation as well as a significant reduction in the renal GSH, SOD and CAT. 

Antioxidant activity of OMG-3fatty acids was evidenced by the ability to decrease 

MDA concentration, suppressing lipid peroxidation as well as increasing renal GSH, 

SOD and CAT. Previous studies have also shown the antioxidant potential of OMG-

3fatty acids (Ali and Rifaai, 2019). 

Ameliorative potential effects of allicin and/or OMG-3 FAs on 

histopathological changes caused by APAP were significant, in that they reduced 

damage greatly, but the tubular scores of the allicin and/or OMG-3 FAs group were 

significantly higher than the control. This suggests that although there was a reduction 

in renal damage of APAP with the administration of allicin and/or OMG-3 FAs, the 

result was not a return to normal values of the control group. Also, to emphasize, the 

effects of allicin and/or OMG-3 FAs were remarkably similar.  

Our biochemical investigations and oxidative indications are also supported by 

histological observations. In the current study, following acute APAP intoxication, 

histopathological examinations revealed clear evidence of nephrotoxicity. The most 

important histological change was acute tubular necrosis. Furthermore, it causes 

severe damage to the kidney, with tubular degeneration, wide lumina, damaged 

glomeruli, interstitial vascular congestion, epithelial degeneration and extensive loss 

of brush border in the tubular epithelium cells which may have a role in APAP-

induced lipid peroxidation. These findings are consistent with a previous study that 
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described renal histological changes following APAP administration (El-maddawy 

and El-sayed 2018; Reshi et al., 2020). While the normal structure of renal 

corpuscles and convoluted tubules was preserved following allicin plus omega3 

treatment as indicated in results. There were, however, a few mildly dilated glomeruli 

spaces in some fields. Many tubules had restored the brush border at the apex and 

narrow lumina. The presence of mild tubular epithelial vacuolization, luminal cast 

formation and cell desquamations was hardly detected. In conclusion, the 

administration of allicin and/or omega-3 significantly reduced the toxic effects of 

paracetamol induced renal damage. 

Moreover, caspases are important mediators of apoptosis. The most important 

one of them is caspase-3 which is activated death protease, stimulating the specific 

cleavage of many key cellular proteins. Caspase-3 is also needed as a hallmark of 

apoptosis. Therefore, caspase-3 is essential for specific processes relating to cell death 

and the synthesis of apoptotic bodies (Porter and Jänicke 1999). APAP-induced 

apoptosis is a process that depends on caspase which includes activation of the 

initiator active caspase-9 and effector caspase-3 in renal tubular cells (Lorz al. 2004).  

The current study showed that APAP caused an elevation in expression of 

caspase-3 (nuclear and cytoplasmic) within the renal tubules when compared with the 

control group which could be explained by oxidative stress induced by APAP which 

matched with Hong- Min et al., (2018) who proved that APAP-induced kidney injury 

significantly increased cell apoptosis in renal tubules. However, allicin and/or OMG-3 

FAs pretreatment lowered the expression of caspase-3 induced by APAP.These 

findings suggest that allicin and/or OMG-3 FAs have anti-apoptotic effects against 

APAP-induced nephrotoxicity by inhibiting mitochondria-mediated apoptosis in rats, 

as indicated in the results. 

Additionally, Immunohistochemical analysis af HSP70 expression showed 

that the Paracetamol-intoxicated group HSP70 protein was noticeably expressed in the 

renal tissue of rats compared with that in the control group which showed completely 

no HSP70 protein expression in rats' kidney. Besides, some HSP70 proteins spread 

from the kidney cells and disseminated in kidney tubules and renal interstitium. 

Meanwhile, Kidney section of Allicin only or Omega3 only treated groups showed 

partial inhibition of HSP70 expression as evidenced by weak immune staining in the 
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cortical regions. Moreover, least or modest HSP70 protein expression in rats' kidney 

was recorded in sections from groups co-treated with Allicin + Omega3. 

Impressively, the combination of omega-3 and allicin had a greater antioxidant 

and anti-inflammatory effect than either agent alone. This shows that by optimizing 

cellular antioxidant defenses and reducing the expression of active caspase-3 and 

HSP70. Based on the findings of this investigation and the literature, both medicines 

appear to be good candidates for nephroprotection, and their combination may 

provide greater cytoprotective effect. More investigation into the chemico-biological 

interactions between allicin and omega-3 is recommended. 

5. Conclusion 

The results of the current study suggest that concurrent administration of 

allicin with OMG-3 FAs eevated the development of APAP-induced nephrotoxicity. 

This shows that by optimizing cellular antioxidant defenses, restoring almostly 

hepatorenal biomarkers to normal and reducing the expression of active caspase-3 and 

HSP70. 
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Fig. 3-1. Effect of allicin and/or omega3 on renal damage induced by paracetamol 

indicated by kidney biomarkers including, creatinine, urea, total protein and 

albumin. 
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Fig. 3-2.  Ameliorative effect of allicin and/or OMG-3 on renal MDA, CAT, SOD        

and GSH level in rats against damaging effect of acute paracetamol 

(APAP) exposure.  
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Figure 3-3. Light microscopic micrographs of rat kidney sections stained with 

H&E obtained at the end of the experiment from control, sham (1A,1B), 

Allicin (2A,2B), and Omega3 (3A,3B) groups. Structure of kidney 

glomerular (red star), and renal tubules (black star) with normal 

histological structure and intact well-organized cellular boundary.  
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Figure 3-4. Photomicrograph of the kidney of rat from the paracetamol control 

positive untreated group showing (1A,1B) severe loss of brush border, 

tubular casts (C), tubular degeneration (D), (2A,2B) tubular cystic 

enlargement and lymphocytic infiltration (L). (3A,3B) Congested renal 

blood vessels (V) with proteinaceous fluid deposition (O) were also seen. 
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Figure 3-5. Histological evidence regarding the effect of Allicin (AC) and or Omega3 (OMG-3) on 

paracetamol (APAP)-induced nephrotoxicity. (1A,1B) Stained sections of kidney of 

paracetamol 1 g/kg + AC 10 mg/kg. Slightly to mild degenerations (D) were seen. 

(2A,2B) Paracetamol 1 g/kg + OMG-3 100 mg/kg group showing slightly to mild 

constriction of renal corpuscles (S) and tubular enlargement (E). (3A,3B) Paracetamol        

1 g/kg + AC 10 mg/kg + OMG-3 100 mg/kg group. Structures of kidney were 

comparable to the control group.  
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Figure 3-6. Bar graph of tubular injury score. Tubular damage and necrosis was 

significantly (*P < 0.05) reduced in kidneys of rats treated with Allicin plus 

Omega3. Data are expressed as mean ± SD for each treatment group. 
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Figure 3-7. Quantitative analysis of the mean thickness of Glomeruli’s space is 

shown. 
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Figure 3-8. Immunohistochemical staining of caspase-3 in rat kidney 

from: (A) Control sham group, (B) Allicin alone group, (C) Omega3 

alone group, (D) APAP-intoxicated group, (E) APAP-Allicin group, (F) 

APAP-Omega3 group, (G) APAP-Allicin+Omega3 group. 

Immunostaining was performed using anti-Caspase-3 antibody and 

developed with DAB. Brown color indicates caspase-3 positivity. 
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Figure 3-9. Bar graph of caspase-3 immunohistochemical expression in the different study 

groups. Area percent of immunoreactivity of caspase-3; data are presented as 

mean ± standard deviation, *: statistically significant relative to APAP group        

at **P > .005, ***P > .0005, ****P > .00005 using ANOVA, Bonferroni post hoc 

test. 
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Figure 3-10. Cross section in the kidney of Paracetamol induced 

nephrotoxicity model showing changes in renal HSP70 

Immunohistochemical expression after treatment with Allicin and/or 

Omega3. (A) Control sham group, (B) Allicin alone group, (C) Omega3 

alone group all showing no expression of HSP70 in the cortical regions of 

kidney, (D) Paracetamol-intoxicated group showing diffuse intense 

expression, (E) APAP-Allicin group, (F) APAP-Omega3 group both 

showing moderate immunopositivity, (G) APAP-Allicin+ Omega3 group 

showing partial inhibition of HSP70 expression as evidenced by weak 

immune staining in the cortical regions. Brown color indicates 

immunopositivity. 
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General Discussion and conclusion 

 

Although paracetamol, with the alternative name acetaminophen (APAP), has 

a reasonable safety profile in therapeutic doses, its overdose remains the most 

important cause of liver injury and even death in many parts of the world among all 

drug toxicities (Larson et al., 2005; Karakus et al., 2013; Yayla et al., 2014). 

Hepatotoxic and nephrotoxic effects of paracetamol overdose occur by a complex 

sequence of events (Hinson et al., 2010). The liver is an important organ for the 

detoxification and deposition of endogenous and exogenous substances. The disease 

of liver is considered to be a serious health problem (Zhang et al., 2012). Drug-

induced hepatotoxicity is one of the major reasons for the mortality and morbidity of 

human beings across the world (Bhawna & Kumar, 2009). Paracetamol 

(acetaminophen) is used globally for its analgesic and antipyretic properties: however, 

it causes acute liver damage if administered in overdose (Akhilraj et al., 2021). In the 

body, most of APAP (80–85%) dose is metabolized through glucuronidation or 

sulfation and excreted out. A small proportion (10–15%) of APAP gets metabolized 

and produces the active intermediate NAPQI which is detoxified with the help of 

GSH. APAP overdose increases the expression of CYP enzymes, decrease in GSH 

level, and repression of glucuronidation formation occur leading to elevated levels of 

APAP metabolite (Bromer and Black 2003).  

The toxic effect of paracetamol on the liver is not only from paracetamol, but 

also from its metabolite N-acetyl P benzo quinonimine (NAPQI) also known as N-

acetyllimidoquimone. NAPQI depletes the liver's natural antioxidant glutathione and 

directly damages liver cells, leading to liver failure (Akhilraj et al., 2021). APAP is 

also directly involved in the induction of oxidative stress resulting in lipid 

peroxidation, depletion in antioxidants, and ATP synthesis, and ultimately leading to 

liver damage (Rabiul et al., 2011). 

The current study demonstrated that ingestion of a paracetamol single acute 

overdose resulted in a significant increase in serum ALT, AST, ALP, triglycerides 

(TG) and total cholesterol as well as a significant reduction in albumin and Total 

protein level. Particularly serum concentration of ALT and AST use as a biomarker of 

hepatic necrosis. Both ALT and AST enzymes involve in the reductive transfer of 

amino acid from alanine or aspartate, respectively to alpha ketoglutarate to form 
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pyruvate or oxaloacetate, respectively. Damaged hepatocytes release their contents, 

including ALT and AST into the extracellular space (Islam et al., 2021). 

ALT is present in heart, brain, skeletal muscle, and liver; however, it is present 

in higher amounts in liver than any other organs. On the other hand, AST is 

considered to have lower specificity for liver damage due its presence in other organs. 

The reactive species (NAPQI) produced by paracetamol overdose harm the hepatic 

cells by lipid peroxidation and thereby damage the cellular permeability resulting 

higher serum levels of ALT and AST (Islam et al., 2021).  

Moreover, the elevated serum ALP level observed, in this study, could be 

attributable to defective hepatic excretion or increased ALP synthesis by hepatic 

parenchymal or duct cells in the presence of increasing biliary pressure as reported by 

Iyanda and Adeniyi (Iyanda and Adeniyi, 2011). The intoxication of APAP seems to 

cause impairment of metabolism of lipoprotein (Kobashigawa and Kasiske, 1997).  

leading to alteration of cholesterol metabolism. The availability of free acid, slower 

hepatic release of lipoprotein, and enhanced esterification of free acids may all 

contribute to the higher blood level of TG produced by APAP. 

The reduction in total protein levels seen in APAP-treated rats suggests the 

destruction of many hepatic cells, which may result in a decrease in hepatic capacity 

to synthesis protein as most plasma proteins are synthesized by hepatocytes 

(Chaphalkar et al., 2017). Oxidative stress is another possible indicator of liver 

damage and as reported before it is an important mechanism that has been proposed to 

have a role in the development of APAP toxicity (Wang et al., 2017).  

Oxidative stress induces the production of free oxygen radicals, an undesirable 

by-product. It is the main factor in APAP induced liver and renal toxicity and can 

exacerbate free radical chain reactions (Parikh et al., 2015). In the current study, we 

observed that the APAP treated animal group showed significant reduction in GSH, 

SOD, CAT and increased MDA level compared with the vehicle group as indicator of 

lipid peroxidation in the liver of rats. These changes in these biomarkers are due to 

depletion of the enzyme substrates and irreversible inactivation of enzyme proteins 

from increased ROS production (Verma et al., 2017). 

CAT is one of the enzymatic antioxidants that protect tissues against H2O2. 

Found in high amounts in liver and erythrocytes and reduce H2O2 to molecular O2 

(Akgun et al., 2021). The buildup of free oxygen radicals in the APAP group might 
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be the source of lower CAT activity in liver tissues. GSH is thiol-containing 

compounds and one of the most important defense systems present in the mammals’ 

cell (Akgun et al., 2021).  

SOD is an antioxidant enzyme that eliminates reactive oxygen species (ROS). 

It catalyzes the conversion of superoxide radical to H2O2. Although H2O2 is not a 

radical, it is rapidly converted to highly reactive hydroxy radical through the activity 

of CAT (Pandey and Rizvi, 2010). So, the overproduction of superoxide radical 

anions in paracetamol-exposed animals might explain the decrease in SOD activity. 

GSH is thiol-containing compounds and one of the most important defense 

systems present in the mammals’ cell (Akgun et al., 2021). The decreased GSH level 

in APAP group may be due to excessive NAPQI and O2 •- production or peroxides 

due to APAP administration (Akakpo et al., 2018). Therefore, the antioxidant defense 

mechanism is affected by ROS thereby decrease SOD, CAT, and GSH, leading to 

hepatic damage (Ozer et al., 2008). The uprising level of MDA is considered as an 

important biomarker of lipid peroxidation in liver tissues (Attah et al., 2020). It has 

been demonstrated that the high dose of APAP causes the oxidation of unsaturated 

fatty acids in the cell membrane, which is correlated with lipid peroxidation (LPO) 

(Zoubair et al., 2013).  

Allicin is the main active ingredient in freshly crashed garlic. It has been 

reported to have anti-inflammatory and antioxidant properties (Shang et al., 2019). 

Allicin is a natural antioxidant, that not only scavenges oxygen free radicals and 

hydroxyl radicals, but also prevents the lipid peroxidation of liver homogenates 

induced by hydroxyl radicals (Zhang et al., 2012). Our present study provides that 

dietary allicin can partially offset the toxicity of APAP. The findings highlight the 

critical function of dietary antioxidants like garlic in the nutritional protection of 

oxidative stress-related pathologies.  

Cytosolic aminotransferases and ALP are used as an index for hepatocellular 

membrane damage, as they leak out into the blood stream following exposure to 

chemicals, including drugs and toxic substances (Al-Brakati et al., 2019). Our results 

showed marked reduction in serum liver functions, ALT, AST, ALP, TG and total 

cholesterol levels and significant increase in albumin and total protein compared to 

APAP group that shows significant alterations in these biomarkers. In addition, the 

elevation of these biomarkers was associated with necrosis, degeneration, and 
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infiltration of hepatocytes (Singh et al., 2018). Interestingly, allicin supplementation 

reduced the increased serological liver function markers following APAP 

administration. These results point to allicin having a hepatoprotective effect against 

APAP exposure by preserving the structure and integrity of the hepatocyte membrane. 

 

Antioxidant enzymes such as CAT, MDA, GSH, SOD can protect cellular 

compounds against damage induced by free radicals. Therefore, the activities of these 

enzymes have been used to assess oxidative stress in cells (Liu et al., 2010). Allicin 

can restore the activity of antioxidant enzymes and possibly reduce the generation of 

free radicals in vitro and in vivo. The antioxidant effect of allicin may be direct 

through scavenging of ROS or indirect by activating and increasing activity of 

endogenous cellular antioxidant defenses (Kelsey et al., 2010). 

  In the recent study, we found that allicin can markedly increase the activities 

of SOD in APAP-treated rats compared to intoxicated group. The levels of MDA, an 

end product of lipid peroxidation, were significantly decreased with the addition of 

allicin in the present study, as compared with the APAP groups. The results agreed 

with the study of Şener et al., (2000), which reported that an aqueous garlic extract 

significantly inhibits the increase of MDA, thereby allowing the MDA concentration 

to return back to the baseline levels. Thus, garlic extract can be protective against 

distant organ damage by preserving cellular integrity.  

GSH plays an important role in protecting several tissues and cell lines against 

injuries by oxidants and reactive electrophiles (Shan et al., 1990). Our data show that 

allicin pretreatment significantly inhibits the APAP-induced depletion of hepatic 

GSH. The results of the in vivo study also suggested that rats orally administered with 

allicin can increase GSH levels as compared to APAP group. These findings are 

consistent with the proposal of Xie et al., (2008) that the intake of tea polyphenols 

and diallyl trisulfide can remarkably increase GSH S-transferase activity and GSH 

content. Furthermore, the results show a significant increase in CAT level in the 

APAP-intoxicated group, whereas the allicin-pretreated group shows a significant 

reduction in CAT level. 

Omega-3 long-chain polyunsaturated fatty acids (Omega-3 PUFAs) daily 

doses are nowadays recommended for their antioxidant and anti-inflammatory 

potentials (El-Gendy et al., 2021). They have a variety of proposed mechanisms of 
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action; the most significant of which would be modulating cell proliferation, 

regulating fatty acid metabolism, inhibiting lipogenesis as well as suppressing 

inflammation and oxidative stress (Huang et al., 2015; Wang et al., 2017). Omega-3 

fatty acids have been shown to have hepatoprotective properties in several 

investigations (Adeyemi and Olayaki, 2017; Eraky and Abo El-Magd, 2020). 

The mechanisms underlying the hepatoprotective effects of Omega-3 PUFAs 

includes its ability to increase GSH along with its capability to scavenge free radicals 

and consequently inhibit lipid peroxidation (Shaaban et al., 2014; Sohail et al., 

2019). Meanwhile; Maksymchuk et al., 2016, previously demonstrated that there was 

more than two-fold increase in the content of cytochrome P450 2El (CYP2E1) in the 

liver of rats receiving omega-3 PUFAs for 4 weeks in the standard daily diet. In 

another study: consumption of OMG-3 PUFAs led to a 3-fold (p < 0.05) increase in 

CYP2E1 content. Such changes in the enzyme expression did not have an impact on 

the level of lipid peroxidation and on the prooxidant/antioxidant balance in the liver. 

The APAP-induced hepatocellular injury was confirmed by a significant 

increase in serum ALT, AST, ALP, TG and cholesterol activities and decrease in 

albumin and total protein compared with normal rats, indicating cell damage with cell 

membrane disruption, leading to cellular leakage and hepatic dysfunction. OMG-

3fatty acids ameliorated this increase in these activities and protected against hepatic 

dysfunction.  

APAP toxicity is mainly associated with the over-production of ROS as well 

as deterioration of antioxidant capacity (Hasanein and Sharifi, 2017). ROS promotes 

membrane lipid peroxidation, fragmentation of polyunsaturated fatty acids, leading to 

cellular damage (El-Ashmawy et al., 2018). This was demonstrated by the significant 

increase in hepatic MDA concentration as an indication of lipid peroxidation as well 

as a significant decrease in the hepatic GSH, SOD and CAT as an indication of 

oxidative stress. overdose of the APAP depletes the level of the GSH (Eshrati et al., 

2021) which ultimately results in the hepatocellular damage (Raˇskovi´c et al., 2019).  

Thus, the levels of glutathione (non-enzymatic antioxidant) along with other 

enzymatic [superoxide dismutase (SOD) and catalase (CAT)] antioxidants are crucial 

in protecting the liver from the toxicity of acetaminophen. Antioxidant activity of 

OMG-3fatty acids was evidenced by the ability to decrease MDA concentration, 

inhibiting lipid peroxidation as well as increasing GSH, SOD and CAT. Previous 
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studies have also shown the antioxidant potential of OMG-3fatty acids (El-Ashmawy 

et al., 2018; Ali and Rifaai, 2019). 

Additionally, the results of histopathological examination of the liver 

confirmed the serum biochemical and oxidative findings which have been reported in 

other studies and showed that APAP hepatic damages tissue by causing oxidative 

damage (Saritas et al., 2014; Uysal et al., 2016). The liver tissue was arranged in 

lobules according to the histological report of the normal control group. Significant 

and widespread necrosis with degenerative changes, central veins dilatation, were 

seen in the paracetamol group and these result compatible with previous study 

(Akhilraj et al., 2021). While the treated rats with allicin or omega 3 represented 

mild congested central veins with some inflammatory cells infiltration in addition to 

congestion of blood sinusoids in the combined treated rats, the examined liver showed 

congestion of central vein and sinusoids without inflammatory cells infiltration. The 

integrity of the hepatic tissue was significantly distorted by APAP. The administration 

of allicin and omega-3 showed a more hepatoprotective effect, evident by the less 

distortion of the histoarchitecture of the liver tissue compared to the APAP 

intoxicated group.  

Besides that, a significant increase in the levels of apoptosis-related proteins 

such as caspase-3 was observed suggesting a vital role of apoptosis in paracetamol-

induced hepatic injury. While our findings showed that allicin and/or OMG-3FAs 

downregulated the pro-apoptogenic proteins caspase-3 as indicated in the results. 

Also, the HSP70 immunohistochemical staining of liver made to elucidate the 

function of HSP70 more directly during hepatic APAP-injury, we employed HSP70 

immunostaining. HSP70 semiquantitative analysis did not differ significantly between 

the groups in their response to Allicin and or Omega3 treatment. However, APAP-

Allicin+ Omega3 group showing a smaller number of immune positive cells. Finally, 

our results reported that there was a direct link between allicin and/or OMG-3FAs 

pretreatment and suppression of apoptosis represented by a reduction in active 

caspase-3 and HSP70. 

The kidney is a vital organ, involved in the removal of metabolic waste 

products, fluid volume control, and preservation of electrolyte balance. APAP is 

widely, used as analgesic and antipyretic drug in general medicine hence an 

assessment of its relative toxicity is important. Acetaminophen (APAP)-induced acute 
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kidney injury is known in human (Mour et al., 2005) and animal models (Karaali et 

al., 2019). APAP induced nephrotoxicity becomes evident after hepatotoxicity in 

most cases, but the occurrence of renal tubular damage and acute renal failure, even in 

the absence of liver injury, should not be ignored (Eguia & Materson 1997).  

The main objective here was to elucidate (i) whether acetaminophen (APAP) 

overdose can induce alterations to the glomerulus ultrastructure; and (ii) whether the 

combined two antioxidants, allicin and omega-3 can protect against APAP-induced 

ultrastructural changes and increment of biomarkers of acute kidney injury. It is well 

documented that APAP in large doses causes renal damage as a result of the 

accumulation of higher levels of the APAP-toxic metabolite, NAPQI. The NAPQI-

induced renal toxicity is mediated by oxidative stress that occurred due to enhanced 

ROS formation which oxidize the cellular macromolecules leading to induction of 

lipid peroxidation, protein oxidation, mitochondrial dysfunction, and DNA damage 

(Das et al. 2010; Yousef et al. 2010; Canayakin et al. 2016; Karthivashan et al. 

2016; Murad et al. 2016; Elmaddawy and El-sayed 2017).  

Urea and creatinine are important indicators of renal damage in clinical 

findings (Refaie et al., 2014; Uthra et al., 2017). These enzymes are very sensitive 

markers employed in the diagnosis of kidney diseases. Thus serum urea and creatinine 

were evaluated to demonstrate kidney damage. Our results revealed that the levels of 

urea and creatinine were significantly increased by APAP intoxication to rats when 

compared with control group. Also, levels of albumin and total protein exhibited 

remarkable reduction in APAP intoxicated groups compared with control group, 

proving that renal function has deteriorated. Our findings are also consistent with 

those of other researchers who found that APAP-induced kidney damage is 

manifested by increased serum urea and creatinine levels (Cekmen et al., 2009; 

Karthivashan et al. 2016). 

It is well known that SOD, GSH, CAT and MDA are important biomarkers of 

the antioxidant capacity of the body, which protects against oxidative stress-induced 

damage. Oxidative stress is indicated by an increased lipid peroxidation and/or altered 

non-enzymatic and enzymatic antioxidant systems. Following the oral administration 

of paracetamol, we investigated alteration in tissue MDA levels as well as reductions 

in tissue GSH, CAT level, and SOD activity as markers of the oxidative stress 
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process. The increment in lipid peroxidation was accompanied by a remarkable 

reduction in the GSH level.  

GSH is a tripeptide, that is, found in many mammalian tissues and is an 

important free radical scavenger and scavenger of NAPQI, which is a reactive 

intermediate of paracetamol (Yayla et al., 2014). It plays an important role in the 

antioxidant defense system and removes free-radical species, such as hydrogen 

peroxide and superoxide radicals, and it maintains membrane protein thiols. In current 

investigation renal MDA level was increased and activities of major renal antioxidant 

enzymes (GSH, SOD and CAT) were significantly inhibited due to APAP 

intoxication. The lower SOD, CAT and GSH levels, as well as the higher MDA 

levels, were consistent with previous research on paracetamol-induced nephrotoxicity. 

(Canayakin et al., 2016; Yousef et al., 2010; Abdul Hamid et al., 2012). 

Allicin is the active ingredient of garlic and it is an organic disulfide formed 

from alliin (Borlinghaus et al., 2014). In a study by Maldonado et al., (2003), they 

revealed that a derivative of allicin called allyl cysteine could ameliorate gentamicin 

induced acute renal failure in rats via preservation of the antioxidant enzymes in the 

renal cortex. Previous studies have been shown that paracetamol has hepatorenal 

protective effects because it has antioxidant, ROS scavenging, immunomodulatory 

and anti-inflammatory activities (Naik and Panda, 2007; MehmetÇik et al., 2008; 

El-Kashef et al., 2015). The present results indicate that rats treated with allicin 

exhibited decreased serum urea, creatinine and elevated serum albumin and total 

proteins levels towards normal levels as compared with the APAP intoxicated group, 

suggesting the allicin potently protected against the kidney toxicity induced by APAP. 

Allicin can protect the cells from oxidative stress, via scavenging free radical, 

as well as decreasing cytotoxic compounds (Chan et al., 2013). Allicin reduced and 

prevented renal induced lipid peroxidation and deterioration of antioxidant biomarker, 

confirming that it alleviated APAP-induced oxidative stress in renal tissue. The levels 

of MDA, an end product of lipid peroxidation, were significantly decreased with the 

addition of allicin in the current study, as compared with the APAP groups.  

The results agreed with the study of Şener et al., (2000), According to his 

findings, an aqueous garlic extract significantly inhibits the increase of MDA, 

allowing the MDA concentration to return to baseline levels. GSH is an important 

constituent of intracellular protective mechanisms against various noxious stimuli 
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including oxidative stresses (Moskovitz et al., 2002). SOD is a metalloproteinase to 

detoxify superoxide anions as an efficient dismutative mechanism and it is the first 

enzyme involved in the antioxidant defense (Salvemini et al., 2002). Administration 

of allicin significantly increased the levels of GSH, SOD and CAT compared with 

those in the APAP-intoxicated group. These findings indicated that the protective 

effects of allicin might reflect its function as an antioxidant and ant apoptotic agent. 

The past three decades have been a period of rapid expansion in the scientific 

knowledge of OMG-3PUFAs. Recent studies have shown that Fish oil enriched in 

OMG-3fatty acids retard the progression of various forms of cancers, depression, 

arthritis, asthma, cardiovascular and renal disorders (De caterina et al., 1994). Also, 

the renoprotective effect of OMG has been also established (El-Ashmawy et al., 

2018).  

Clinical studies suggest that long-term treatment with OMG fatty acids 

improves renal function and lowers the risk of death or end-stage renal disease 

(Hassan and Gronert, 2009). The current study was designed to investigate the 

hypothesis that OMG-3consumption could ameliorate APAP-induced nephrotoxic and 

other side effects, allowing for further therapeutic use of the drug. 

 

A significant increase in serum creatinine, urea and decrease in albumin and 

total proteins concentrations as illustrated in APAP intoxicated group indicating renal 

damage. OMG-3fatty acids improved renal function and had renoprotective effects by 

normalizing serum creatinine, urea, and other biomarker levels. APAP toxicity is 

mainly associated with the over-production of ROS as well as deterioration of 

antioxidant capacity (Hasanein and Sharifi, 2017). 

 ROS promote membrane lipid peroxidation, fragmentation of polyunsaturated 

fatty acids, leading to cellular damage (El-Ashmawy et al., 2018). This was indicated 

by the remarkable increase in renal MDA concentration as an indication of lipid 

peroxidation as well as a significant reduction in the renal GSH, SOD and CAT. 

Antioxidant activity of OMG-3fatty acids was evidenced by the ability to decrease 

MDA concentration, suppressing lipid peroxidation as well as increasing renal GSH, 

SOD and CAT. Previous studies have also shown the antioxidant potential of OMG-

3fatty acids (Ali and Rifaai, 2019). 
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Our biochemical investigations and oxidative indications are also supported by 

histological observations. In the current study, following acute APAP intoxication, 

histopathological examinations revealed clear evidence of nephrotoxicity. The most 

important histological change was acute tubular necrosis. Furthermore, it causes 

severe damage to the kidney, with tubular degeneration, wide lumina, damaged 

glomeruli, interstitial vascular congestion, epithelial degeneration and extensive loss 

of brush border in the tubular epithelium cells which may have a role in APAP-

induced lipid peroxidation. These findings are consistent with a previous study that 

described renal histological changes following APAP administration (El-maddawy 

and El-sayed, 2018; Reshi et al., 2020). While the normal structure of renal 

corpuscles and convoluted tubules was preserved following allicin plus omega3 

treatment as indicated in results. There were, however, a few mildly dilated glomeruli 

spaces in some fields. Many tubules had restored the brush border at the apex and 

narrow lumina. The presence of mild tubular epithelial vacuolization, luminal cast 

formation and cell desquamations was hardly detected.  

Ameliorative potential effects of allicin and/or OMG-3 on histopathological 

changes caused by APAP were significant, in that they reduced damage greatly, but 

the tubular scores of the allicin and/or OMG-3 group were significantly higher than 

the control. This suggests that although there was a reduction in renal damage of 

APAP with the administration of allicin and/or OMG-3, the result was not a return to 

normal values of the control group. Also, to emphasize, the effects of allicin and/or 

OMG-3 were remarkably similar. corroborating our findings, the protective effect of 

OMG-3 FAs against APAP-induced nephropathy was demonstrated by reduced 

morphological changes in kidney tissues.  

Moreover, caspases are important mediators of apoptosis. The most important 

one of them is caspase-3 which is activated death protease, stimulating the specific 

cleavage of many key cellular proteins. APAP-induced apoptosis is a process that 

depends on caspase which includes activation of the initiator active caspase-9 and 

effector caspase-3 in renal tubular cells (Lorz al. 2004).  

The current study showed that APAP caused an elevation in expression of 

caspase-3 (nuclear and cytoplasmic) within the renal tubules when compared with the 

control group which could be explained by oxidative stress induced by APAP which 

matched with Hong- Min et al., (2018) who proved that APAP-induced kidney injury 
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significantly increased cell apoptosis in renal tubules. However, allicin and/or OMG-3 

FAs pretreatment lowered the expression of caspase-3 induced by APAP.These 

findings suggest that allicin and/or OMG-3 FAs have anti-apoptotic effects against 

APAP-induced nephrotoxicity by inhibiting mitochondria-mediated apoptosis in rats, 

as indicated in the results. 

Additionally, Immunohistochemical analysis af HSP70 expression showed 

that the Paracetamol-intoxicated group HSP70 protein was noticeably expressed in the 

renal tissue of rats compared with that in the control group which showed completely 

no HSP70 protein expression in rats' kidney. Besides, some HSP70 proteins spread 

from the kidney cells and disseminated in kidney tubules and renal interstitium. 

Meanwhile, Kidney section of Allicin only or Omega3 only treated groups showed 

partial inhibition of HSP70 expression as evidenced by weak immune staining in the 

cortical regions. Moreover, least or modest HSP70 protein expression in rats' kidney 

was recorded in sections from groups co-treated with Allicin + Omega3. 
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Conclusion 

 

From the present study it was concluded that: 

 •According to the results of our research, albino rats exposed to Paracetamol (APAP) 

exhibited toxicological effects. These effects were enhanced by their impact on 

metabolic parameters, oxidative stress indicators, and immunohistochemistry of the 

liver and kidney. These results were verified by the liver and kidney's histological 

structures. We explain the increased formation of reactive oxygen species (ROS) and 

malondialdehyde, as well as the depletion of naturally occurring antioxidants like 

CAT, SOD and GSH, for this toxicity. Our results indicate that allicin (AC) and 

omega-3 fatty acids (OMG-3 Fas) can reduce tissue injury and symptoms of oxidative 

stress by protecting antioxidant enzymes and reducing lipid peroxidation. 

 •APAP-induced changes in hepatic function, lipid peroxidation, glutathione activity, 

and antioxidant enzymes are prevented in APAP-intoxicated rats by AC and OMG-3 

FAs, which also has strong protective effects on serum biochemistry and the liver's 

antioxidant machinery. 

• APAP contributed to problems with renal function, which may be linked to the 

production of free radicals, the imbalance in the redox state, and the significant 

oxidation of membrane lipids and proteins that resulted in the loss of membrane 

kidney stability. Due to their strong antioxidant activity, simultaneous AC and OMG-

3 FAs supplementation reduced all biochemical and histological abnormalities. 

 •So the combination of omega-3 fatty acids and allicin impressively had a greater 

antioxidant and anti-inflammatory effect than either agent alone. This shows that by 

optimizing cellular antioxidant defenses, restoring almostly hepatorenal biomarkers to 

normal and reducing the expression of active caspase-3 and HSP70. Based on the 

findings of this investigation and the literature, both medicines appear to be good 

candidates for nephroprotection & hepatoprotection, and their combination may 

provide greater cytoprotective effect. More investigation into the chemico-biological 

interactions between allicin and omega-3 is recommended. 
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Summary 
 

The objective of this study was to investigate the protective effects of allicin 

and omega-3 administration on APAP-induced hepatotoxicity, nephrotoxicity, in rats 

through investigating some hematological, serum biochemical and tissue 

oxidative/antioxidant parameters. Both histological alterations and 

immunohistochemically expressions of caspase3  and HSP70 were also carried out. 

The present study was carried out on a total number of 70 white Wister albinos male 

rats weighting 160-200 gm were randomly assigned into 7 equal groups (10 rats 

each).  

 Group 1: Rats which served as the control was administered saline (the vehicle) 

orally once daily for 30 consecutive days. 

 Group 2: Rats in this group were served as allicin treated group and were orally 

administered (10 mg/kg b.wt.), once daily for 30 days.  

 Group 3: Rats in this group were served as omega-3 treated group and were orally 

administered (100 mg/kg b.wt.), once daily for 30 days. 

 Group 4: Rats in this group were served as paracetamol treated group and were 

administered saline orally once daily and a single dose of APAP on the 27
th

 day of 

the experiment (1 g/kg/day/orally). 

 Group 5: Rats in this group were administered allicin orally once daily for 30 

consecutive days and on the 27
th

 day of the experiment given APAP (1 

g/kg/day/orally). 

 Group 6: Rats in this group were administered omega-3 orally once daily for 30 

consecutive days and on the 27
th

 day of the experiment given APAP (1 

g/kg/day/orally).  

 Group 7: Rats in this group were administered both allicin and omega-3 orally 

once daily for 30 consecutive days and on the 27
th

 day of the experiment given 

APAP (1 g/kg/day/orally). 

 

Hematological examination revealed that exposure to APAP significantly 

reduced the values of RBC counts, Hb concentrations, Platelets counts (PL), and 

packed cell volumes (PCV), while increasing the values of WBC counts when 

compared to the control group. Allicin and/or omega3 administration reduced the 
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harmful impacts of APAP by reversing these changes in hematological parameters 

to the values observed in control rats. 

 

Also in this study, APAP administration significantly increased serum ALT, 

AST, and ALP activities compared with those in control rats. Similarly, APAP 

significantly increased the levels of creatinine and urea. In addition, increase the level 

of triglycerides and total cholesterol levels, in contrast decrease level of albumin and 

total protein in APAP intoxicated group when compared to those of the other groups. 

Allicin and/ or omega-3 administration with APAP restored these parameters towards 

the normal values. 

In the current study, there were substantial increases in MDA level along with 

dramatic decreases in GSH, SOD and CAT in the liver and kidney tissues of APAP-

intoxicated rats. Meanwhile, allicin + APAP and/ or omega-3 + APAP revealed a 

decrease in MDA level along with elevations in GSH, SOD and CAT in hepatic and 

renal tissues compared with APAP treated group. 

Histologically, liver sections from control group, allicin group and omega-3 

group administered rats exhibited normal hepatic histo-architecture. Hepatocytes 

organized in cords radiating from the central vein and separated by regular sinusoids. 

Otherwise, APAP treated rats revealed several histological changes represented by 

sinusoidal dilation, congestion of blood vessels, disorganized architecture of hepatic 

lobule, and fatty infiltration in some hepatocytes. The liver section from allicin+ 

APAP and omega-3 + APAP showed moderate degeneration and allicin + omega-3 + 

APAP treated rats represented almost normal hepatocytes and sinusoids. 

Histologically, Kidney sections from control group, allicin group and omega-3 

fatty acids group showed regular renal histo-architecture with normal renal corpuscles 

and renal tubules; proximal (PCT) and distal convoluted tubules (DCT) and collecting 

(CT) tubules. In APAP group, many distinguishing histological changes were noted 

including severe degenerative changes in the renal tubules that notably by hydropic 

degeneration, pycnotic nuclei, increased cytoplasmic vesicles, cytoplasmic 

vacuolization, necrosis and apoptosis of tubular cells, and desquamation of necrotic 

epithelial cells filling the tubular lumens and forming hyaline casts. However, kidney 

from allicin + APAP and omega-3 + APAP, revealed a moderate tubular degeneration 

and allicin+OMG-3+APAP treated rats represented almost normal histological 

structure. 
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Immunohistochemically, a summary of caspase3 and HSP70 

immunohistochemical expressions in the livers and kidneys of all examined groups 

was recorded.  

In liver, control group, allicin group and omega-3 group showed weak 

expression of caspase3 and HSP70. Meanwhile, APAP -injected rats showed over 

expression of caspase3 and HSP70. However, Liver from allicin + APAP and omega-

3 + APAP treated group showed moderate expression of caspase3 and HSP70 semi 

quantitative analysis did not differ significantly between the groups in their response 

to allicin and or omega3. But, allicin + omega-3 +APAP treated group showed mild 

expression of caspase3 and HSP70. 

In kidneys, control group, allicin group and omega-3 group showed weak 

expression of caspase3 and HSP70. Meanwhile, APAP -injected rats showed over 

expression of caspase3 and HSP70. However, kidneys from allicin + APAP and 

omega-3 + APAP treated group showed moderate expression of caspase3 and HSP70. 

allicin + omega-3 + APAP treated group showed mild expression of caspase3 and 

HSP70. 

 

From this study, it could be concluded that allicin and /or omega-3   

supplementation for patients who regularly take high doses of paracetamol 

counteracts livers and kidneys toxicity induced by APAP due to its both antioxidant 

and anti-inflammatory properties. 
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Appendix II 
 

Buffers and reagents 

 Chemicals 

Paracetamol (APAP, 1 g) was bought as Panadol® from GlaxoSmithKline 

Pharmaceuticals Company (Brentford, United Kingdom). Allicin, was bought as pure 

powder (35% Conc.) from Delta Vet Center (Cairo, Egypt). Omega-3 fatty acids, was 

bought as pure fish oil (Conc.100%) from Sigma Pharmaceutical Industries (Cairo, 

Egypt). The used kits were bought from Bio-diagnostic Company (Giza, Egypt). 

  Experimental animals 

Seventy male albino Wister rats, 2 months age weighing 160-200 gm were 

obtained from the Center of Laboratory Animals, Faculty of Veterinary Medicine, 

Benha University, Egypt. Prior to the experiment, the rats were left for 

acclimatization for 14 days (temperature 25°C) and were fed ideal laboratory 

commercial diet and water ad libitum. Ethical approval from Animals Care and Use 

Committee Research Ethics Board was obtained from Faculty of Veterinary 

Medicine, Benha University (BUFVTM 07–03-22). Rats were divided into 7 equal 

groups (10 rats in each group). Group 1 (Control); had been given distilled water. 

Group (2); AC (10 mg/kg b. wt, orally). Group (3); OMG-3FA (100 mg/kg b. wt, 

orally). These doses of AC according to Samra et al. (2021) and for OMG-3FA (El-

Gendy et al. 2021). Group (4); APAP toxic control group that received saline, orally 

once daily and a single dose of APAP 1 g/kg b. wt orally on the 27th day of the 

experiment. Group (5); (AC+APAP). Group (6); (OMG-3FA+APAP). Group (7); 

(AC+OMG-3FA+APAP). rats in these groups have been received allicin, omega-3 

and APAP as described before. Saline, allicin, and omega-3 were administered for 30 

days. 

 Blood samples 

Rats were euthanized at 31st day of the experiment, blood samples were collected 

from Retro-bulbar venous plexus, in clean, dry tubes and it was left in a slope position 

to clot at room temperature. After blood centrifugation at 2000 g for 10 min, serum 

samples were obtained and it was kept frozen at-20°C until further use in biochemical 

analysis. 

 Hematological analysis 
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The whole blood samples were used directly after collection on EDTA for 

estimation of hematological parameters including the red blood cells (RBCs) count, 

hemoglobin (Hb) concentration, white blood cells (WBCs) count, hematocrit value 

(APAPV%) and platelets (Plt) count. These parameters were estimated using 

automated hematology analyzer (Mindray BC-2800, China). 

  Serum biochemical analysis: 

  Sera were used for estimation of the liver markers (ALT, AST, ALP) and 

renal injury biomarkers creatinine, urea & Cholesterol, triglycerides, albumin and 

total protein concentrations using commercial kits (Biodiagnostic Co., Giza, Egypt.). 

  Detection of oxidative cascade indices:  

 The tissues (liver, kidney) were dissected and washed with phosphate-buffered 

saline solution (pH 7.4) containing heparin to remove any clots or red blood cells. 

One gram of each tissue was homogenized in buffer (5 ml), using a homogenizer. 

Tissue homogenates were centrifuged at 4000 rpm for 20 min, then, stored at -20 ºC. 

The oxidative status was determined by measuring the levels of glutathione (GSH), 

malondialdehyde (MDA), catalase (CAT) and superoxide dismutase (SOD) using 

commercial kits (Biodiagnostic Co., Egypt). 

• Reagents used for oxidative stress assessment in tissues: 

- Phosphate buffered saline (PBS) solution, pH 7.4 containing 0.16 mg/ml 

heparin. 

- Cold buffer (100 ml potassium phosphate, pH 7.0, containing 2 ml EDTA 

per gram tissue). 

• Chemicals used for histopathological examination: 

- Formalin (10 %): from Middle East Company, Cairo, Egypt. 

- Hematoxylin and Eosin (H&E) stain: from Middle East Company, Cairo, 

Egypt. 

• Chemicals used for immunohistochemistry Examination: 

- Formalin (10 %): from Middle East Company, Cairo, Egypt. 

- Hematoxylin and Eosin (H&E) stain: from Middle East Company, Cairo, 

Egypt. 

- Caspase 3 marker. 

- HSP70 marker. 
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• Other standard laboratory chemicals and solutions were also used as: 70% 

hydroethanolic alcohol, distilled water, normal saline solution (sodium chloride 0.9 

%) … etc. 

Laboratory equipment: 

• Apparatus for serum Biochemical studies: 

- Spectrophotometer, JASCO 7800, un/vis, JAPAN. 

- Clean and dry Eppendorf labeled tubes for serum preservation. 

 

• Apparatus for Oxidative cascade: 

- Sonicator homogenizer (COLOMBIA INTERNATIONAL) 

- Clean and dry Eppendorf labeled tubes for liver, kidney and testis tissues 

preservation. 

- Cooling centrifuge heraeus, W. GERMANY. 

- Refrigerator for preservation of samples. 

• Apparatus for histological examination: 

- Slide microtome. 

- Light microscope: NOVEL, model XSZ-N107-1. 
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  العربي  ملخصال
 

ػيٚ سَٞخ اىنجذ ٗاىنيٚ  3-الاٍٗٞدبٗ ىٞيِٞاسزٖذفذ ٕزٓ اىذساسخ ٍؼشفخ اىزأثٞشاد اى٘قبئٞخ لإػطبء الأ 

ثؼط اىؼ٘اٍو ٗفسض  اىذٍ٘ٙ فسضاىفٜ اىدشراُ. ٗرىل ٍِ خلاه  اىجبساسٞزبٍ٘هػقبس اىزٜ ٝيججٖب 

اىجٞ٘مَٞٞبئٞخ فٜ اىذً ٗػ٘اٍو الأميذح / اىَعبدح ىلأميذح فٜ الأّيدخ. أٝعًب، مو ٍِ اىزغٞشاد اىٖيز٘ى٘خٞٔ 

 .  (Caspase3 and HSP70)   ٗاىزغٞشاد اىٖيز٘مَٞٞبئٞخ اىَْبػٞخ

جْٞ٘ رزشاٗذ اٗصاّٖب رمشا ٍِ اىدشراُ اىجٞعبء ٍِ ّ٘ع الأى سجؼِٞفٜ ٕزٓ اىذساسٔ رٌ اخشاء اىزدشثٔ ػيٚ 

 خشراُ ىنو ٍدَ٘ػخ(. 10خٌ(. ٗقذ رٌ رقيٌٞ اىدشراُ اىٜ سجغ ٍدَ٘ػبد ٍزيبٗٝخ ) 160-200ٍب ثِٞ )

 :)ب  30رٌ إػطبئٖب ٍسي٘ه ٍيسٜ ػِ غشٝق اىفٌ ٍشح ٗازذح ٍٝ٘ٞبً ىَذح  انًجًىعة الاوني )انضاتطه ًٍ ٘ٝ

 ٍززبىٞبً.

 مدٌ ٍِ ٗصُ اىديٌ( ػِ غشٝق اىفٌ ٍشح ٗازذح ًٍٝ٘ٞب  لأىٞيٍِٞدٌ ى (10: رٌ إػطبئٖب انًجًىعة انثانيه /

ب ٍززبىٞبً. 30ىَذح  ًٍ ٘ٝ 

  مدٌ ٍِ ٗصُ اىديٌ( ػِ غشٝق اىفٌ ٍشح ٗازذح  3-ٍٗٞدبىلأٍدٌ 100 (رٌ إػطبئٖب :انثانثهانًجًىعة /

ب ٍززبىٞبً. 30ٍٝ٘ٞبً ىَذح  ًٍ ٘ٝ 

  ٗرٌ اػطبءٕب ٍسي٘ه ٍيسٜ ػِ غشٝق اىفٌ ٍشح ٗازذح  جبساسٞزبٍ٘ه: ىَلازظٔ اىزيٌَ ىيـانراتعهانًجًىعة

خٌ / مدٌ، ػِ غشٝق 1فٜ اىًٞ٘ اىيبثغ ٗاىؼششِٝ ٍِ اىزدشثخ ) جبساسٞزبٍ٘هًٍٝ٘ٞب ٗخشػخ ٗازذح ٍِ اى

 (. اىفٌ

 مدٌ ٍِ ٗصُ اىديٌ(، ػِ غشٝق اىفٌ ٍشح  لأىٞيٍِٞدٌ ى10: رٌ اػطبئٖب مو ٍِ ) انًجًىعة انخايسه /

ب ٍززبىًٞب ٗخشػخ ٗازذح ٍِ فٜ اىًٞ٘ اىيبثغ ٗاىؼششِٝ ٍِ اىزدشثخ ) 30ٗازذح ٍٝ٘ٞبً ىَذح  ًٍ خٌ / مدٌ،  1ٝ٘

 (.اىفٌػِ غشٝق 

 مدٌ ٍِ ٗصُ اىديٌ(، ػِ غشٝق اىفٌ  3-ٍٗٞدبىلأ ٍد100ٌ: رٌ اػطبئٖب مو ٍِ) انًجًىعة انسادسه /

ب ٍززبىٞبً ٗخشػخ ٗازذح ٍِ اى 30ٍشح ٗازذح ٍٝ٘ٞبً ىَذح  ًٍ فٜ اىًٞ٘ اىيبثغ ٗاىؼششِٝ ٍِ  جبساسٞزبٍ٘هٝ٘

 (.اىفٌخٌ / مدٌ، ػِ غشٝق  1اىزدشثخ )

 30(، ػِ غشٝق اىفٌ ٍشح ٗازذح ًٍٝ٘ٞب ىَذح  3-ىٞيِٞ ٗ الأٍٗٞدب: رٌ اػطبئٖب مو ٍِ)الأانًجًىعة انساتعه 

ب ٍززبىٞبً ٗخشػخ ٗازذح ٍِ اى ًٍ ػِ خٌ / مدٌ،  1فٜ اىًٞ٘ اىيبثغ ٗاىؼششِٝ ٍِ اىزدشثخ ) جبساسٞزبٍ٘هٝ٘

 (.اىفٌغشٝق 
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 مشاد رؼذاد قٌٞ ٍِ مجٞش ثشنو قيويجبساسٞزبٍ٘ه ىـ اىزؼشض أُ اىذٍ٘ٛ اىفسض أظٖشفٜ ٕزٓ اىذساسخ؛ 

 صٝبدح ٍغ ، ((PCV ّٗيت زدٌ اىذً  ، ((PLاىذٍ٘ٝخ اىصفبئر ٗػذد ، اىَٖٞ٘غي٘ثِٞ ٗرشمٞضاد ، اىسَشاء اىذً

 اٟثبس ٍِ قيو 3 أٍٗٞغب أٗ/  ٗ الأىٞيِٞ ٗىنِ إػطبء. اىزسنٌ ثَدَ٘ػخ ٍقبسّزٖب ػْذ اىجٞعبء اىذً مشاد رؼذاد قٌٞ

 .اىعبثطخ اىدشراُ فٜ ى٘زظذ اىزٜ اىقٌٞ إىٚ اىذً قٌٞ فٜ اىزغٞٞشاد ٕزٓ ػنس غشٝق ػِيجبساسٞزبٍ٘ه ىـ اىعبسح

اّضٌٝ الاىِْٞ اٍْٞ٘  فٜ ٕزٓ اىذساسخ إىٚ صٝبدح مجٞشح فٜ أّشطخ اىجبساسٞزبٍ٘ه إػطبءأدٙ أٝعب؛ 

فٜ اىذً ٍقبسّخ ثزيل اىَ٘خ٘دح فٜ اىدشراُ  ٗاّضثٌ اىف٘سفبرٞض اىقي٘ٛ اٍْٞ٘ رشاّيفٞشٝض ٗاسجشربد رشاّيفٞشٝض

. أٝعًب، أدٛ فٜ اىذً  بٍِ ٍيز٘ٝبد اىنشٝبرِْٞٞ ٗاىٞ٘سٝمو ثشنو ٍيس٘ظ  ىجبساسٞزبٍ٘ها اىعبثطخ. ٗثبىَثو، صاد

ثبىَقبسّخ ٍغ ٗ ّيجٔ اىن٘ىٞيزٞشٗه اىنيٜ فٜ اىذً  اىذُٕ٘ اىثلاثٞخٍيز٘ٛ اىٜ صٝبدٓ  اىجبساسٞزبٍ٘ه إػطبء

 إػطبءاىَدَ٘ػبد الأخشٙ. ػيٚ اىؼنس ٍِ رىل، اّخفط اىجشٗرِٞ اىنيٜ ٗالأىجٍِ٘ٞ فٜ اىذً ثيجت 

 ٍغ 3-الأٍٗٞدبٗ جبساسٞزبٍ٘هاىٍغ لأىٞيِٞ ػقبس ا ءٍقبسّخ ثبىفئشاُ اىعبثطخ. أدٙ اػطب اىجبساسٞزبٍ٘ه

 أدٛ اىٜ ػ٘دح ٕزٓ اىَؼذلاد ّس٘ قَٖٞب اىؼبدٝخ. جبساسٞزبٍ٘هاى ٍغ  3-الأٍٗٞدبٗ ٍغ ىٞيِٞالأ ٗ جبساسٞزبٍ٘هاى

إىٚ خبّت اّخفبض مجٞش فٜ خي٘ربثُٞ٘ (  MDA ٗ مبّذ ْٕبك صٝبداد مجٞشح فٜ ٍيز٘ٙ اىَبىّ٘بىذٕٞذ)

 فٜ خلاٝب اىنجذ ٗاىنيٚ ىيفئشاُ اىزٜ رؼبّٜ ٍِ ريٌَ (GSHٗ SODٗ CAT )ٗاىي٘ثش اٗميٞذٝض  ٗاىنزبىٞض

 ٍغ  3-الأٍٗٞدبٗ اىجبساسٞزبٍ٘هٍغ  الأىٞيِٞػقبس  ٗفٜ اى٘قذ ّفئ ، اىَدَ٘ػخ اىزٜ رٌ اػطبؤٕب جبساسٞزبٍ٘هاى

 فبض  فٜ ٍيز٘ٙ اىَبىّ٘بىذٕٞذ )ظٖش فٖٞب اّخ اىجبساسٞزبٍ٘ه ٍغ  3-الأٍٗٞدب ٍغ الأىٞيِٞ ٗ اىجبساسٞزبٍ٘ه

MDA ) (خْجبً إىٚ خْت ٍغ اسرفبع فٜ خي٘ربثُٞ٘ ٗاىنزبىٞض GSHٗ SODٗ CAT)  ٚفٜ خلاٝب اىنجذ ٗاىني

 .بىجبساسٞزبٍ٘هٍقبسّخ ثبىَدَ٘ػخ اىَؼبىدخ ثـ

مجذ خلاٝب فقذ اظٖشد   3-الأٍٗٞدباٍب ثبىْيجٔ ىيزغٞشاد اىٖيز٘ى٘خٞٔ ىينجذ ٍِ اىفئشاُ اىَؼبىدخ ة ٗ

غجٞؼٞخ. رْزظٌ خلاٝب اىنجذ فٜ زجبه رشغ ٍِ اى٘سٝذ اىَشمضٛ ٗرفصو ثْٖٞب خٞ٘ة دٍ٘ٝخ غجٞؼٞخ، ٗثخلاف رىل 

ػذح رغٞشاد ّيٞدٞخ رزَثو فٜ رَذد اىدٞ٘ة الأّفٞخ ، ٗاززقبُ الأٗػٞخ  بىجبساسٞزبٍ٘هأظٖشد اىفئشاُ اىَؼبىدخ ثـ

زييو اىذْٕٜ فٜ ثؼط خلاٝب اىنجذ ٗ اريبع اى٘سٝذ اىذٍ٘ٝخ ، ٗاىجْٞخ غٞش اىَْزظَخ ىيفصٞض اىنجذٛ ، ٗاى

  .اىَشمضٛ

 + 3-الأٍٗٞدبٗاىَدَ٘ػٔ اىَؼبىدٔ  ة  ىجبساسٞزبٍ٘ها  + الأىٞيِٞاٍب ثبىْيجٔ ىيَدَ٘ػٔ اىَؼبىدٔ ثـ 

أظٖشد  ىجبساسٞزبٍ٘ها+ 3-الأٍٗٞدب+ بلأىٞيِٞثأظٖشد  رْنيًب ٍؼزذلا ٗ اىَدَ٘ػٔ اىَؼبىدٔ  ىجبساسٞزبٍ٘ها

 نجذ ٗاىدٞ٘ة  ثص٘سٓ غجٞؼٞخ رقشٝجبً.خلاٝب اى

ثبىْيجٔ ىيزغٞشاد اىٖيز٘ى٘خٞخ فٜ اىنيٚ فٜ مو ٍِ اىَدَ٘ػزِٞ اىعبثطخ ٗاىَدَ٘ػٔ اىَؼبىدٔ ة أٍب 

خلاٝب مي٘ٝخ غجٞؼٞٔ ،ٍغ مجٞجخ مي٘ٝخ ، قْ٘اد قشٝجخ ، قْ٘اد ثؼٞذح ، ٗ قْ٘اد  ، اظٖشد 3-الأٍٗٞدبٗ الأىٞيِٞ

 خبٍؼخ غجٞؼٞخ. 

، ى٘زظذ اىؼذٝذ ٍِ اىزغٞشاد اىٖيز٘ى٘خٞٔ اىََٞضح ٍزعَْخ  ىجبساسٞزبٍ٘هباىَؼبىدٔ ة ثفٜ اىَدَ٘ػخ 

رغٞشاد ٍفشغخ ٍثو اىزغٞشاد اىزْنيٞخ اىشذٝذح فٜ الأّبثٞت اىني٘ٝخ اىزٜ رسذس ثشنو خبص ػِ غشٝق اىزْنس 

صٍٜ ، ٗاىْخش ٍٗ٘د ، ٗصٝبدح اىس٘ٝصلاد اىيٞز٘ثلاصٍٞخ ، ٗاىزفشٝغ اىيٞز٘ثلا pycnoticاىَبئٜ ، ٗاىْ٘اح 

اىخلاٝب اىَجشٍح ىيخلاٝب الأّج٘ثٞخ ، ٗرقشش اىخلاٝب اىظٖبسٝخ اىْخشٝخ اىزٜ رَلأ اىزد٘ٝف الأّج٘ثٜ ٗرشنو اىق٘اىت 

 ٗمزىل اززقبُ الأٗػٞخ اىذٍ٘ٝخ ٗاىشؼٞشاد اىذٍ٘ٝخ ز٘ه الأّج٘ة.
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 + 3-الأٍٗٞدبَؼبىدٔ ة ٗاىَدَ٘ػٔ اى ىجبساسٞزبٍ٘ها + بلأىٞيِٞاىَؼبىدٔ ثـ بداٍب ثبىْيجٔ ىيَدَ٘ػ

ى٘زع رْنس ٍؼزذه فٜ الاّبثٞت  ىجبساسٞزبٍ٘ها + 3-الأٍٗٞدب + بلأىٞيِٞٗ اىَدَ٘ػٔ اىَؼبىدٔ ثـ ىجبساسٞزبٍ٘ها

 ٍغ اىسذ الأدّٚ ٍِ الاززقبُ اىخلاىٜ.

اىَْبػٞخ فٜ اىنجذ  (( caspase3 and HSP70ٍِ اىْبزٞخ اىٖيز٘مَٞٞبئٞخ اىَْبػٞخ، رٌ ريدٞو رفبػو  

 ٗاىنيٚ ىدَٞغ اىَدَ٘ػبد اىزٜ رٌ فسصٖب.

فقذ مبّذ سيجٞٔ اىزؼجٞش    3-الأٍٗٞدبٗ بلأىٞيِٞفٜ اىنجذ ، أظٖش مو ٍِ اىفئشاُ اىعبثطخ ٗ اىَؼبىدخ  ثـ

. ٗىنِ، caspase3صٝبدح فٜ اىزؼجٞش ه  ثبساسٞزبٍ٘ه اىَؼطبٓ. ٗفٜ اى٘قذ ّفئ، أظٖشد اىفئشاُ 3caspaseٍغ 

 رؼجٞشًا ٍؼزذلًا ٍغ ىجبساسٞزبٍ٘ها ٍغ 3-الأٍٗٞدبٗ ىجبساسٞزبٍ٘ها  ٍغ بلأىٞيِٞشد اىَدَ٘ػخ اىَؼبىدخ ثـأظٖ

caspase3.ِرؼجٞشا ظؼٞفب ٍغ  ىجبساسٞزبٍ٘ها ٍغ 3-الأٍٗٞدب ٍغ بلأىٞيِٞ، أظٖشد ٍدَ٘ػخ اىَؼبىدخ ثـٗىن

caspase3. 

 3-الأٍٗٞدبٗ بلأىٞيِٞ، أظٖش مو ٍِ اىفئشاُ اىعبثطخ ٗ اىَؼبىدخ  ثـ HSP70ثبىْيجخ إىٜ  جذفٜ اىنأٝعب 

 صٝبدح فٜ اىزؼجٞش ثبساسٞزبٍ٘ه اىَؼطبٓ. ٗفٜ اى٘قذ ّفئ، أظٖشد اىفئشاُ HSP70ٍغ  فقذ مبّذ سيجٞٔ اىزؼجٞش

 ٍغ 3-الأٍٗٞدبٗ ىجبساسٞزبٍ٘ها  ٍغ بلأىٞيِٞاىَدَ٘ػخ اىَؼبىدخ ثـ . ٗىنِ،HSP70ه  ثشنو ٍيس٘ظ

، أظٖشد ٍدَ٘ػخ ٍغ رىلٗ.HSP70 ٍغالاسزدبثخ  فٜ اىَدَ٘ػزِٞ ثِٞ مجٞش ثشنو رخزيف ىٌ ىجبساسٞزبٍ٘ها

 .HSP70رؼجٞشا ظؼٞفب ٍغ  ىجبساسٞزبٍ٘ها ٍغ 3-الأٍٗٞدب ٍغ بلأىٞيِٞاىَؼبىدخ ثـ

ٍغ  اىزؼجٞشفقذ مبّذ سيجٞٔ  3-الأٍٗٞدبٗ بلأىٞيِٞفٜ اىنيٚ ، أظٖش مو ٍِ اىفئشاُ اىعبثطخ ٗ اىَؼبىدخ  ثـ

3caspase ُصٝبدح فٜ اىزؼجٞش ه  ثبساسٞزبٍ٘ه اىَؼطبٓ. ٗفٜ اى٘قذ ّفئ، أظٖشد اىفئشاcaspase3 ،ِٗىن .

 رؼجٞشًا ٍؼزذلًا ٍغ ىجبساسٞزبٍ٘ها ٍغ 3-الأٍٗٞدبٗ ىجبساسٞزبٍ٘ها  ٍغ بلأىٞيِٞأظٖشد اىَدَ٘ػخ اىَؼبىدخ ثـ

caspase3.ِرؼجٞشا ظؼٞفب ٍغ  ىجبساسٞزبٍ٘ها ٍغ 3-الأٍٗٞدب غٍ بلأىٞيِٞ، أظٖشد ٍدَ٘ػخ اىَؼبىدخ ثـٗىن

caspase3. 

-الأٍٗٞدبٗ بلأىٞيِٞ، أظٖش مو ٍِ اىفئشاُ اىعبثطخ ٗ اىَؼبىدخ  ثـ HSP70ثبىْيجخ إىٜ  فٜ اىنيٚأٝعب 

 صٝبدح فٜ اىزؼجٞش ثبساسٞزبٍ٘ه اىَؼطبٓ. ٗفٜ اى٘قذ ّفئ، أظٖشد اىفئشاُ HSP70ٍغ  فقذ مبّذ سيجٞٔ اىزؼجٞش 3

 ٍغ 3-الأٍٗٞدبٗ ىجبساسٞزبٍ٘ها  ٍغ بلأىٞيِٞ. ٗىنِ، أظٖشد اىَدَ٘ػخ اىَؼبىدخ ثـHSP70ه  ٍيس٘ظ ثشنو

 ٍغ 3-الأٍٗٞدب ٍغ بلأىٞيِٞ، أظٖشد ٍدَ٘ػخ اىَؼبىدخ ثـٗىنِ.HSP70 رؼجٞشًا ٍؼزذلًا ٍغ ىجبساسٞزبٍ٘ها

 .HSP70رؼجٞشا ظؼٞفب ٍغ  ىجبساسٞزبٍ٘ها

 

 ػبىٞخ خشػبد ٝزْبٗىُ٘ اىزِٝ ه 3-الاٍٗٞدب/ أٗ  ٍغ ىٞيٍِِٞ ٕزٓ اىذساسخ، َٝنِ اسزْزبج أُ اػطبء الأ

. َٗٝنِ اُ ٝنُ٘ ٕزا اىجبساسٞزبٍ٘هسَٞخ اىنجذ ٗاىنيٞزِٞ اىزٜ ٝيججٖب ػقبس  ٝقيو ٍِ اىجبساسٞزبٍ٘ه ٍِ ثبّزظبً

 .اىَعبدح ىلأميذح ٗاىَعبدح ىلاىزٖبثبد  3-الأٍٗٞدبٗ ىٞيِٞثيجت خصبئض الا
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