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ABSTRACT: Imidacloprid (IC) is a systemic insecticide related to the tobacco toxin nicotine. It is a toxic 
substance frequently used into combat insects, rodents, plants pests and other creatures that can pose 
problems for agriculture. This study aimed to investigate the protective effect of ferulic acid on the 
nephrotoxicity of imidacloprid as a nicotine derivative. Twenty four adult female albino rats were divided 
into four groups of 6 animals each. One group served as control while the rest groups treated with 
imidacloprid, imidacloprid + F A and FA, respectively. The results revealed that imidacloprid induced 
high serum level of urea, creatinine, ALT and AST. However, administration of ferulic acid alleviated this 
parameters. Ferulic acid significantly (P < 0.05) attenuated the imidacloprid -induced decreases in 
protein, albumin and globulin activities. Imidacloprid increased glutathione-s-trasferase (GST) activity 
while co-treatment with ferulic significantly progress its level. Results suggested that, ferulic acid can be 
used to protected kidney against imidacloprid-induced toxicity and oxidative stress in kidney. 
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INTRODUCTION 
 

 The neonicotinoids are a major class of highly potent insecticides that are used for crop protection and insect 
control. Insecticides within this class include imidacloprid, acetamiprid, clothianidine, and thiocloprid. These groups  
agonists the nicotinic acetylcholine receptors (nAChRs), particularly the α4β2 subtype (Tomizawa and Casida, 
2003 & 2005), which induce neuromuscular paralysis and eventually death. They are highly selective for nAChRs 
in insects compared with mammals, which should reduce morbidity and mortality in cases of human poisoning 
(Tomizawa and Casida, 2005). If clinical data on human exposures support this, they may potentially replace the 
more widely used cholinesterase inhibitors (organophosphorus and   carbamate compounds) in crop protection. 
 Ferulic acid (FA) its chemical structure is 4-hydroxy-3-methoxycinnamic acid. It is a natural antioxidant 
phenolic compound investigated in wheat, corn, rice, tomatoes, spinach and cabbage (Anselmi et al., 2007). Ferulic 
acid have many pharmacological effects and also protects membranes from LPO, neutralized alkoxyl, peroxyl 
radicals (Trombino et al., 2004), scavenges hydroxyl radicals (Ogiwara et al., 2002), nitric oxide (Wenk et al., 
2004), peroxynitrite (Pannala et al., 1998; Dinis et al., 2002) and superoxide radicals (Kaul and Khanduja 1999; 
Kikuzaki et al., 2002). Recent studies have shown that NCX 2057, a nitric oxide releasing iNOS expression in raw 
2647 macrophages (Ronchetti et al., 2006) as well as FA inhibit the azoxymethane induced colon carcinogenesis in 
rat (Han et al., 2007). Recently, it was reported that FA has shown to protect against alloxan-induced diabetes in 
mice (Manikandan et al., 2012). Several Ferulic derivatives have been suggested as promising compounds for 
cancer prevention, being the biological activity related also to the capacity of partitioning between aqueous and 
lipid phases (Anselmi et al., 2007). Therefore, the present study was aimed to elucidate the nephro-protictive role 
of ferulic acid against imidacloprid induced nephrotoxicity. 
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Materials and Methods 
Chemicals 
 Ferulic acid and GSH purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Nicotine (Imidacloprid) 20% 
suspensions obtained from Frist Kim for fertilizer and Agricultural pesticides Co., Egypt. All other chemicals and 
reagents  
Animals and experimental design 
Animals  
 Female albino rats Sprague-Dawley (150±20 g) were provided from the laboratory stock colony of National 
Organization for Dug Control and Research (NODCAR) to use in the present study. The conditions (two weeks 
before the initiation of the experiment) was; the animals were allowed free access to water and fed on a standard 
diet and the local ethics committee of NODCAR approved protocols were applied. Animals were divided into four 
equally groups; six animals each. Group 1 served as the control. Group 2 received imidacloprid at the dose of 80 
mg/Kg body weight (Soujanya et al., 2014). Group 3 was treated was with both imidacloprid (80 mg/kg) and ferulic 
acid (20 mg/kg). Group 4 received only ferulic acid (20 mg/kg). 
 All drugs were gave to the rats by oral gavage every days accordingly for 15 day. At the end of the experiment, 
rats were scarified by cervical dislocation and their blood samples were collected from the retro-orbital plexus. 
Blood was collected and allows clotting to separate serum. The serum was used for the determination of ALT, AST, 
creatinine, urea, protein and albumin.  
 
Biochemical parameters  
The biochemical parameters which carried out in this study were summarized in Table (1). 
 

Table (1): Methods and kits used to quantify the different biochemical analyses of blood: 
 

Parameters Method Company Reference 

ALT Spectrophotometer Spectrum 
Reitman and Frankel ( 1957) 

AST Spectrophotometer Spectrum 

Creatinie Spectrophotometer Spectrum DI Giorgio, (1974) 

Urea Spectrophotometer Spectrum Batton and Crouch, (1977) 

Protein Biuret reaction Spectrum Tietz (1994) 

Albumin Bromocresol green Spectrum Tietz (1990) 

GST Spectrophotometer GSH from Sigma Habig et al., 1974 

 
Statistical Analysis  
 Statistical analyses were performed with SPSS software and were calculated using one-way ANOVA followed 
by the least significant differences (LSD). P<0.05 was considered to indicate a statistically significant result 
(Dawson and Trapp, 2004)    
   
 
Results 

 
As shown in table (2) serum analysis revealed a significant (P < 0.05) increase in the values of urea, creatinine, 
ALT and AST by the administration of imidacloprid in serum when compared with control group. Significant 
decrement (P < 0.05) appeared in creatinine, ALT and AST groups treated with ferulic co- administration compared 
with imidacloprid, while urea decreased non-significantly.  
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Table (2): Effect of ferulic on serum urea, Creatinine, ALT and AST in rats treated with imidacloprid 

Group Parameters 

Urea 
(mg/dL) 

Creatinine 
(mg/dL) 

ALT 
U/ml 
 

AST 
U/ml 

Control 21.65 ± 0.61 0.514± .015 38 ± 1.07 32 ± 1.69 

Imidacloprid 37.70  ± 
0.75a 

1.137 ± 
.076a 

92 ± 2.5a 58± 0.99a 

imidacloprid + Ferulic 34.905 ± 
o.76 a 

0.554 ± 
.062b 

46± 1.1b 44 ±.004ab   

Ferulic 25.379 
±0.40ab  

.479 ± .05b 52 ± 1.51b 34 ±.004  

Data are expressed as mean ±S.E. of 6 rats per group. a = significant different from control group at P < 0.05, b = 
significant different from imidacloprid –treated group at P < 0.05 
In table (3), imidacloprid significantly decreases protein, albumin, and globulin in serum when compared with 
control group. However, A: G ratio was treated with imidacloprid non significantly increase (P < 0.05) in rats treated 
with imidacloprid only. All of these changes were ameliorated by treatment of ferulic when compared with 
imidacloprid group.  
 

Table (3): Effect of Ferulic on protein, albumin (A), globulin (G) and A: G ratio in rats 

 
Group 

Parameters 

Protein 
g / dL 

Albumin 
g/dL 

Globulin A:G 

Control 8.19 ± 0.17 2.99± .078 5.2 ± 0.13 .576 ± 0.18 

Imidacloprid 5.33  ± 
0.24a 

2.30 ± .118a 3.03 ± 0.34a .852 ± 0.16 

imidacloprid + Ferulic 7.66 ±0.31b 2.51 ± .19 5.15 ± 0.5b .535 ±0.10  

Ferulic 9.08 ±.38 3.2 ± 0.22 5.87 ± 0.16 .554 ± .029 

Data are expressed as mean ±S.E. of 6 rats per group. a = significant different from control group at P < 0.05, b = 
significant different from imidacloprid –treated group at P < 0.05. 
 
As shown in figure (1) GST level was significantly increase after administration of imidacloprid in serum compared 
with control group. On the other hand, co-a administration of ferulic non significantly reversed this value when 
compared with imidacloprid group.  
 

 

 
  

Fig.1. Effect of Ferulic on GST in rats treated with imidacloprid. 
 

 
Data are expressed as mean ±S.E. of 6 rats per group. a = significant different from control group at P < 0.05, b = 
significant different from imidacloprid –treated group at P < 0.05. 
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Discussions 
 IC as a member of neonicotinoids insecticide class, is a widely used in agriculture for use on over 140 crops in 
more than 120 countries (Elbert et al., 2008). Such large-scale use in agriculture can amplify the toxic properties 
and adverse effects of insecticide and can be lethal for human as well as animal health. A quantitative analytical 
study reveal that even a low level exposure to pesticide remnant on fruits and vegetables puts consumers 
especially children on the risk in manner (Tahir et al., 2009) and the toxic effects are mainly due to the poisoning of 
metabolism. The level of biochemical component in various organs represent the intensity of the toxic action of the 
pesticides (Rathod and Kshirsagar, 2010).  Toxicological studies of imidacloprid are limited, but they have shown 
mild pathological changes in the brain, kidney and liver of subjected rats at high doses (Elbert et al., 2008). 
Previous studies of IC acute toxicity following occupational, accidental or suicidal ingestion marked to mild clinical 
effects such as tachycardia, nausea, vomiting to intense respiratory failure, seizures and even loose o life in human 
(Proenca et al., 2005 and Agarwal and Srinivas  2007). Some reports recorded that patients with clinical toxicity 
due to subjected of imidacloprid in a deliberate suicide attempt (Fuke et al., 2104).  Imidacloprid acts in insects at 
the nAChRs, proposing that this may also be targeted in mammals (Lee Chao and Casida 1997). In the present 
study, we have investigated possible effects of imidacloprid on rats, liver functions and kidney. My obtained result 
showed that 15 days oral exposure of 80 mg/Kg dose of imidacloprid to female rats has produced significant toxic 
effects. The serum biochemical assays revealed a significant (P < 0.05) increase in alanine transaminase and 
aspartate transaminase this result agree with (Bhardwaj  et al., 2010; Soujanya et al., 2104). It may be due to 
degeneration and necrosis of hepatocytes, which attributes an increased permeability of cell membrane that results 
in release of transaminases into the blood stream. Creatinine is derived mainly from the catabolism of creatine 
found in muscle tissue and its catabolism to creatinine occurs at a steady rate. Severe kidney damage will lead to 
increased creatinine levels (Yasir et al., 2014). In the present study serum creatinine and urea showed  significant 
increase in the experimental group in comparison to control animals and relates to renal failure this result agree 
with Yasir et al., 2014. Nephrotoxicity of pesticides has been reported in mice (Ksheerasagar et al., 2011) and in 
rats (Benjamin et al., 2006). Kidney is the organ concerned with a wide variety of toxic factor as it acts as a blood 
clarifier during the excretory function. As kidneys get high blood flow, the insecticides might be delivered to these 
organs in moderately high volume through systemic (blood) circulation. Since glomerulus reabsorb salt and water 
(as glomerular filtrate), the chemical which was found in the renal tubules may incorporated in the biochemical 
component and the tissue of kidneys in test animals (Jerry and William, 1986). The metabolites of imidacloprid are 
found in the liver and kidneys of rats after a single oral dose. Toxic markers like salivation, vomiting, lethargy, 
diarrhea, muscle weakness and atoxia are characteristic of imidacloprid action on nicotinic receptors (Hovda and 
Hooser, 2002; Wismer, 2004). The toxic effects are mainly due to the poisoning of metabolism and the level of 
biochemical component in various organs represent the intensity of the toxic action of the pesticides (Rathod and 
Kshirsagar, 2010).  Protein content has been estimated by various authors under insecticidal tension (Chitra et al., 
1999; Arshad et al., 2007).The significant decrease in total protein, DNA and RNA level in kidneys of mice at varied 
imidacloprid dose levels denoted marked damage to vital organs and also intervention with protein metabolism. 
Reductionism value of protein in kidneys of whole the experimental groups of mice reflects the dysfunction of 
kidneys. These findings confirmed with results of Sharpe et al. (1996) and Abdel El-Hamid and Refaie (2009) who 
supposed the depreciation of total protein during avermectin intoxication (in rats) detect liver or kidney illness 
respectively. Harper et al. (1997) studied the decrease of total protein content due to catabolism of protein and/or 
malfunction of liver. The present findings of imidacloprid toxicity in rats suggested significant reduction in the level 
of protein in kidneys. This result is coincident with results of Naga Prasanna and Viveka (2013). This change may 
be explained as a result of an acceleration  occurred in the catabolism of the bio-molecules to adapt the energy 
demand to overcome stress or as a reduction occurred in their  anabolism to impaired tissue function (Ivanova-
Chemishanksha, 1982). Also, there was significant reduction in albumin (A) and globulin (G) while A: G ratio show 
no significant increase when compared with control group. GST is detoxifying enzyme catalyzes the conjugation of 
a variety of electrophillic substrates to the thiol group of GSH, to reduce its toxicity (Hayes et al., 2005).   In the 
current study, GST content significantly (P<0.05) increased in imidacloprid-treated group. These results are in 
agreement with results of Duzguner and Erdogan (2012) and Soujanya et al. (2104). This induction may be due to 
the GSH and glutathione dependent enzymes system that provide major Protection against the toxic agent Shelly 
and M.D (2009). 
 Ferulic acid is a plant constituent well-known to exhibit strong effects on scavenging free radicals and 
antioxidants activity (Srinivasan   et al., 2007). FA is reported to have many pharmacological effects such as anti-
inflammatory, anticancer, antidiabetic, anti-atherogenic and neuroprotective (Mukhopadhyay  et al., 1982). Ferulic 
acid is one of the ubiquitous compounds in nature, It has been well-known that ferulic acid and ç-oryzanol, a 
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mixture of monoesters consisting of ferulic acid and several kinds of triterpene alcohols as cycloartenol and 24-
methylenecycloartanol, have an antioxidant activity. Such antioxidants are actually  predictable not only to stop lipid 
oxidation in food but also to prevent free-radical-induced diseases such as cancer and atherosclerosis or aging 
caused by oxidative tissue disintegration (Niki, 1997). Ordinarily, the inhibitory effect of antioxidants on lipid 
peroxidation is affected  by the physicochemical condition of the lipid substrate, and numerous evaluation systems 
using different physical conditions are required for better understanding of antioxidant properties (Frankel, 2001). 
Ferulic acid showed the strongest action among test hydroxycinnamic acids (Hiroe et al., 2002). They obtained that 
the antioxidant assay by using the ethanol-buffer system differed from those of the radical scavenging and the 
antioxidant activities in the bulk phase, as well as, ferulic acid showed the strongest action among test 
hydroxycinnamic acids, Prooxidant behavior of hydrophilic compounds, such as phenolic acids in heterophasic 
systems, was observed in tea catechins (Huang and  Frankel, 1997 ). It is generally accepted that the electron-
donating ability of chemical substances results in their antioxidant activity toward lipid oxidation. DPPH (1,1-
diphenyl-2-picrylhydrazyl) radical-scavenging test is one of the short methods for investigation of the hydrogen 
donating potency (Blois, 1985). The radical scavenging activity on DPPH decreased in the order caffeic acid > 
sinapic acid > ferulic acid > ferulic acid esters Ferulic acid was most effective among the tested phenolic acids 
(Hiroe et al., 2002). 
 The present study revealed that co-administration of ferulic acid with imidacloprid resulted a significant 
reduction in the activity of ALT, AST and creatinine. This result can be attributed to the detoxification action of 
ferulic acid on hepatotoxicity (Rukkumnal et al., 2004). In addition urea restored near to its normal range, and this 
result is in agree with the result of Manikandan et al., 2014, who explained that  FA might be a potential candidate 
against glycerol-induced nephrotoxicity via its antioxidant and anti-inflammatory properties. The protective effect of 
FA on the kidney markers can be, also, attributed to its antioxidant properties as it has been found that reactive 
oxygen species may be involved in the impairment of glomerular filtration rate (Hughes et al., 1996; Sarumathy et 
al., 2011).  
 In the current work co-administration of ferulic acid successfully ameliorated the bad effect on protein, albumin 
and globulin in the imidacloprid treated rats. Previous studies reported that FA is an antioxidant that neutralizes 
free radicals such as superoxide, nitric oxide and hydroxyl radicals that may cause oxidative damage to cell 
membranes and DNA (Kanski et al., 2002; Ha et al., 2008). Phenolic compounds from dietary plants are known to 
be good scavengers of reactive oxygen species (Manikandan et al., 2012). GST, an important component involved 
in the recycling of glutathione levels were found to be reduced in the serum and kidney (Manikandan et al., 2014). 
In the present study group imidacloprid + ferulic showed a non significant decrease in the level of GST activity 
when compared with group imidacloprid. The apparent protective effect might be due to the ability of FA to 
neutralize the increase in free radicals caused (Manikandan et al., 2014).  
In conclusion, the present study concluded that ferulic acid had protective effects against imidacloprid-induced 
nephrotoxicity and oxidative stress in rats.  
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