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Dimethoate commonly used as environmental ares for control pests which is widely used throughout in the world and itcaused 
toxic effects on nontarget organisms especially mammalian. Ferulic acid is known to protective compound generally used in 
toxicology studies. Thus, inthis study, we investigatedthe protective role of ferulic acid against the possible toxic effects of low and 
high doses of dimethoate. Male rats were randomly divided into six groups: control; ferulic acid; low and high dose dimethoate; 
both ferulic acid and low dose dimethoate; both ferulic acid and high dose dimethoate. The dimethoate treatment to rats caused 
oxidative stress in liver and kidney tissue via increased malondialdehyde levels and changes in superoxide dismutase, catalase, 
glutathione peroxidase and glutathione-S-transferase activities. All dose dimethoate treatments also caused histopathological 
alterations and differences in activities in alanine aminotransferase, aspartate aminotransferase, total protein, albumin, lactate 
dehydrogenase, total cholesterol, urea, uric acid, and creatinine levels. The histopathological results verified the biochemical 
findings for both liver and kidney. Co-administration of ferulic acid with dimethoate improved antioxidative parameters and eased 
some biochemical parameters mentioned above. Ferulic acid was also seen to play a beneficial role in the histopathological effects 
of dimethoate for both liver and kidney.  
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Pesticides have been commonly used in agricultural 
areas to combat pests, to keep vectors under control and 
to enhance nutritional quality1,2. Pesticides have had 
toxicological effects in various ways to different organ 
systems, such as, hematological system3, neurotoxicity4,5, 
lung6, liver7,8 spleen5 and cytotoxic effects5,9 in 
experimental animals.  

Among pesticides, dimethoate (DM) is an important 
organophosphorus compound (OP) and is used for pears, 
leaf miners and apples to protection against several 
pests10. Recently, some researchers have reported that 
DM causes important changes in glucose homeostasis 
and is related to toxicity in the pancreas in rats11. 
Dimethoate exposure causes tissue injury and is 
associated with this oxidative damage12.Jallouli et al.13 
Investigated the oral administration of dimethoate, 
and they observed the inhibition of testicular 
acetylcholinesterase activities and a decrease in 
antioxidant activities. In particular, we compared the low 
and high dose dimethoate rates and investigate the 
ameliorative effect of ferulic acid. Phenolic compounds 

have been investigated in coffee, wheat, corn, rice, 
tomatoes and some fruits and vegetables14-18.  

Studies have indicated that polyphenols regulate 
enzyme activities19, and protect cell membranes from 
lipid peroxidation (LPO), peroxyl radicals20 and 
scavenges hydroxyl radicals21. Ferulic acid (FA) 
(4-hydroxy-3-methoxycinnamic acid) is a natural 
antioxidant phenolic compound, which is a 
phytochemical classified as a hydroxycinnamic acid, 
and has also been investigated in wheat, corn, rice, 
tomatoes, spinach, berries, peas, asparagus and 
cabbage14,15. Recently, Roumili et al.22, who studied 
the antioxidant and anti-inflammatory activities of 
White Willow Salyx alba have shown FA to be one of 
major phytoconstituents. Studies have reported that 
dietary FA reduces the incidence of many 
diseases23,24. The antioxidant capacity of cells is 
associated with oxidative damage, and antioxidant 
enzyme levels in cells show different levels of 
oxidative stress11. Many antioxidant enzymes in 
cells, such as superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx), glutathione-S-
transferase (GST), and glutathione (GSH)25.Oxidative 
stress is associated with the amount of ROS, including 
free radicals26-29.  
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In this study, we chose the liver and kidney because 
the liver is an organ involved in detoxification and 
homeostasis30, and the kidney is an important organ 
that maintains the internal balance of the body31. This 
study determined histopathological, biochemical and 
anti-oxidative changes following subchronic exposure 
to DM in the kidney and liver of rats.  

Materials and Methods 
 

Reagents 
Ferulic acid (purity >97%), dimethoate (purity >97%), 

reduced glutathione, nicotinamide adenine dinucleotide 
phosphate reduced form (NADPH) and thiobarbituric 
acid (TBA) were purchased from Sigma (St. Louis, MO, 
USA). All other chemicals were of analytical grade and 
were purchased from standard commercial suppliers.  

Animals and treatment 
Adult Wistar rats, weighing 200-250 g. were 

purchased from Gazi University Laboratory of Animals 
Raising and Experimental Research Center. The 
animals had free access to commercial food pellet diet 
and water ad libitum exposed to a 12 h light/dark cycle, 
and maintained at a laboratory temperature of 20±2°C. 
All the chemicals were applied by oral gavage. 
Our study was conducted the confirmation of the 
Gazi University Animal Experiments Local Ethics 
Committee (G.U. ET-17.004). Our treatment groups 
were as follows:Gr. I: Administered with distilled 
water (Control rats); Gr. II: Ferulic acid (FA) treated 
rats (30 mg/kg body wt.); Gr. III: Low dose-dimethoate 
treated rats (3 mg/kg body wt.), Gr. IV: High dose-
dimethoate treated rats (30 mg/kg body wt.), Gr. V: 
Low dose-DM (3 mg/kg) plus FA (30 mg/kg body wt.) 
treated rats, and Gr. VI:High dose-DM plus FA both 
(30 mg/kg body wt.).At the end of the experimental 
period, animals of different groups were euthanized 
with the alphamine and alphazine combination. 
Blood was collected in EDTA tubes and centrifuged at 
2200g for 10 min. Tissue samples were taken for 
microscopic and enzymatic investigations of both liver 
and kidney tissue.  

Assay of antioxidant enzyme status 
Superoxide dismutase level in the liver and kidney 

was estimated by the method of Marklung & 
Marklung32, and its activity was expressed as units/mg 
protein. Catalase was assayed according to the method 
of Aebi33 and expressed as nmol/mg protein of hydrogen 
peroxide unit’s consumed/min/mg protein. Glutathione-
S-tranferase enzyme activity was assayed by the method 
of Habig et al.34 And expressed as µmol/mg protein of 

CDNB-GSH conjugate formed. Glutathione peroxidase 
was assayed by the method of Paglia and Valentine35 
and its activity was expressed as nmol/mg protein. 
Protein concentration in the kidney and liver was 
determined by the method of Lowry et al.36 using 
bovine serum albumin (BSA) as the standard. 

Lipid peroxidation 
Lipid peroxidation was determined by 

malondialdehyde production and measured in liver 
and kidney homogenates according to the method of 
Ohkawa et al.37 Based on TBARS formation, and it 
was expressed as MDA content.  

Liver and kidney histopathology 
At the end of the study, the rats were sacrificed and 

examined for tissue pathological abnormalities. After the 
tissues were obtained, they were taken into 10% 
formalin fixation and dehydrated in alcohol, and finally 
embedded in paraffin. Then, kidney and liver sections 
were cut with 6-7 µ thickness. The slides were then 
rehydrated and stained with hematoxylin and eosin. At 
least ten slides were observed with a microscope for 
both liver and kidney (Olympus, Tokyo, Japan). Each 
liver and kidney tissue were examined and assigned for 
the severity of changes using scores on the scale of none 
(-), mild (+), moderate (++), and severe (+++) damage. 

Blood sampling and Biochemical markers in plasma  
Blood samples were collected from the heart with gel 

blood tubes for liver and kidney biochemical analyses. 
Blood samples kept in non-anticoagulant tubes were 
centrifuged at 1000 g for 10 min, and the serum was 
used. The activities of plasma aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), total protein 
(TP), albumin, lactate dehydrogenase (LDH), and total 
cholesterol (TK), Creatinine, Blood urea nitrogen 
(BUN), and Uric acid were assayed with a commercial 
spectrophotometer-enzymatic kit and analyzed (Roche 
Cobas c501). 

Statistical analysis 
All data groups were analyzed with the use of 

SPSS for Windows (version 13.0). The results are 
presented as a mean value ± standard error of the 
mean (SEM) by ANOVA.  

Results 
 

Oxidative stress and antioxidant system parameters 

Liver 
Data presented in Table 1 demonstrated that 

HDM-treatment significantly increased MDA level 
compared to control and FA groups. A statistically 
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significant decrease was observed in the MDA levels 
in FA+LDM and FA+HDM-treated groups compared 
to the HDM-treated group. SOD activity statistically 
decreased in both LDM and HDM-treated groups 
compared with to the control group. We showed that 
the decrease in FA+LDM and FA+HDM groups was 
not statistically significant compared to the control 
and FA-treated groups. However, we showed that 
there was an increase in SOD activity in FA+LDM 
and FA+HDM groups, compared to LDM and HDM-
treated groups, but not statistically. A significant 
decrease was observed in the activities of CAT in 
both the LDM and HDM groups. Additionally, a 
significant decrease was noticed in the FA+HDM 
treated group compared to other groups. No 
significant changes were observed in the other groups. 
We observed a significant increase in GPx activity in 
the LDM and HDM-treated group compared to the 
control group. There was a significant decrease in the 
GPx activity in the FALDM and FAHDM groups 
compared with all other groups. In the GST activity, 
we observed a statistically significant increase in the 
HDM, LDM, FALDM and FAHDM-treated groups 
compared to the control group (Table 1). 

Kidney 
In MDA levels, a statistically significant increase 

in the HDM-treated group was observed compared to 
control, FA and LDM-treated groups. We detected a 
statistically significant decrease in FA+LDM and 
FA+HDM-treated groups compared to the HDM 
group. In the SOD activity, a statistically significant 
decrease was shown in HDM compared to control, 
FA and LDM-treated groups. In FA+LDM and 
FA+HDM-treated groups, statistically significant 

increases were noticed compared to the HDM.A 
significant decrease was observed in the activities of 
CAT in the HDM-treated group compared to the 
control, FA and LDM-treated groups. A significant 
increase in the FA+LDM-treated group compared to 
LDM and HDM treated groups. Also, in FA+HDM-
treated groups, we observed statistically significant 
increases compared to the HDM group. When we 
look at the GPx activity, it was statistically increased 
in the LDM and HDM-treated groups compared to 
control and ferulic acid-treated groups. There is a 
statistically significant decrease in FALDM compared 
to LDM and HDM-treated groups. GST activity was 
statistically increased in HDM compared to control 
and ferulic acid treated groups (Table 1).  

Histopathological findings 
 
 

Kidney 
The normal histological structure was shown in 

the renal tissue of the control and ferulic acid 
treated groups (Fig. 1A). Tubular degeneration and 
inflammatory changes were observed in LDM-treated 
groups (Fig. 1B). Glomerular atrophy, dilatation in the 
bowman capsule and tubular degeneration were noticed 
in HDM-treated rats (Fig. 1C). Hemorrhage and tubular 
degeneration were observed in LDM plus FA-treated 
rats (Fig. 1D). Edema and hemorrhage were observed 
in the HDM plus FA-treated groups (Fig. 1E). 

Liver 
Light microscopic findings showed normal hepatic 

parenchyma in the control group (Fig. 2A). Several 
histopathological changes occurred in treated groups. 
Kuppfer cell proliferation, sinusoidal dilatation and 
hemorrhage were observed in the groups treated 
with low dose dimethoate (Fig. 2B). Inflammatory 

Table 1 — Effects of dimethoate on liver and kidney antioxidant enzymes 
SOD 

(U/mg protein) 
CAT 

(mmol/mg protein) 
GPx 

(nmol/mg protein) 
GST 

(µmol/mg protein) 
MDA  

(nmol/mg protein) 
Liver

Control 0,0280±0,0067 5449,17±688,50 0,0025±0,00041 8,0335±1,453 282,382±42,870 
FA 0,0277±0,0092 5618±1165,46 0,0026±0,0017 6,4600±2,818 268,002±45,892 
LDMT 0,0160±0,0033a,b 5312±756,70 0,0061±0,0031 17,631±3,132a,b 378,053±43,148 
HDMT 0,0170±0,0055a,b 3655,24±345,30a,b 0,0099±0,0058a,b 19,366±4,530a,b 451,597±97,524a,b 
FA+LDMT 0,0202±0,0039 4103,88±1434,55 0,0016±0,0006d 19,597±2,061a,b 320,315±52,229d 
FA+HDMT 0,0187±0,00332 3331,73±1041,16a,b,c 0,0020±0,0003d 19,108±2,334a,b 304,923±86,415d 

Kidney
Control 0,0044±0,0007 6331,59±660,09 0,0002±0,00001 1,2235±0,117 208,87±71,055 
FA 0,0040±0,0006 7072,56±952,43 0,0002±0,00004 1,0329±0,185 137±57±61,024 
LDMT 0,0040±0,0004 7473,44±579,99 0,0003±0,00007a,b 1,3614±0,175 280,10±115,81 
HDMT 0,0022±0,0002a,b,c 2867,50±1211,76a,b,c 0,0003±0,00003a,b 1,5951±0,295a,b 502,88±45,355a,b,c 
FA+LDMT 0,0052±0,0009d 5869,76±958,56c,d 0,0002±0,00004c,d 1,2674±0,224 229,309±125,843d 
FA+HDMT 0,0053±0,002d 7326,28±424,07d 0,0002±0,00012 1,3710±0,119 173,578±97,484d 

[Values are mean ± SD of six rats in each group. Significance at P<0.05. a Control vs. other groups; b FA group vs. other groups; c 
LDMT group vs. other groups; and d HDMT group vs. other groups] 
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changes, kuppfer cell proliferation and sinusoidal 
dilatation were reported in high dose dimethoate-
treated groups (Fig. 2C). Less hemorrhage and 
sinusoidal dilatation was observed in LDM plus FA-
treated rats (Fig. 2D). In the HDM plus FA-treated 
groups, we noticed congestion and kuppfer cell 
proliferation (Fig. 2E). 

Biochemical findings 
 

Effects of DM on the serum levels of liver biochemical enzymes 
When we look at the hepatoprotective efficacy of 

ferulic acid, according to Table 2, ALT value is a 
statistically increased in the HDM group compared to 
the control and FA groups. In AST parameters, there 
was a statistically significant increase compared to the 

control, FA and LDM group. FALDM statistically 
decreased. When we look at TP, there is a statistically 
significant increase in HDM compared to the control 
and FA. In Albumin parameters, we observed a 
statistically significant increase in the HDM group 
compared to the control, FA and LDM-treated groups. 
There was a significant decrease in FALDM and 
FAHDM compared to HDM-treated groups. In LDH 
and TK parameters, there were no statistically 
significant differences between the groups (Table 2).  

Effects of DM on the serum levels of kidney biochemical enzymes 
Serum nephrotoxic markers are known as urea, uric 

acid, and creatinine. In creatinine, there was a 
statistically significant increase in LDM compared to 

Fig. 1 — Kidney sections of (A) control group rats, (G) glomeruli, (B) bowman capsule, (P) proximal tubules as revealed by light 
microscopy, 200X;. (B) low dose dimethoate group showing tubular degeneration () and inflammatory changes (),200X; (C) high 
dose dimethoate group showing glomerular atrophy (), dilatation in bowman capsule () and tubular degeneration (),200X; (D) low 
dose dimethoate plus ferulic acid group showing hemorrhage () and tubular degeneration (),200X;and (E) high dose dimethoate plus 
ferulic acid group showingedema () and hemorrhage (),200X.  

Fig. 2 — Liver sections of (A) control group rats, as revealed by light microscopy, 200X; (B) low dose dimethoate group showing 
kuppfer cell proliferation (), sinusoidal dilatation () and hemorrhage (), 200X; (C) high dose dimethoate group inflammation () 
and kuppfer cell proliferation (), sinusoidal dilatation (),400X; (D) low dose dimethoate group plus ferulic acid hemorrhage () and 
sinusoidal dilatation (), 400X; and (E) high dose dimethoate group plus ferulic acid, congestion (), and kuppfer cell proliferation (), 
400X. 

Table 2 — Grading of the histopathological changes in the liver and kidney sections of dimethoate exposure to rats. Scoring was done as 
follows: none (-), mild (+), moderate (++) and severe (+++) 

Congestion Kuppfer cell proliferation Dilatation of sinusoids Hemorrhage Inflammation 
Liver

Control - - - - -
FA - - - - -
LDM - ++ ++ ++ -
HDM + +++ +++ + ++
FA+LDM - ++ ++ ++ -
FA+HDM + +++ + + + 

    

Kidney  Degeneration Atrophy Dilatation of bowman Hemorrhage Inflammation Edema 
Control - - - - - - 
FA - - - - - - 
LDM ++ - - - ++ -
HDM +++ ++ +++ - + + 
FA+LDM ++ - - + - - 
FA+HDM + - - + - +
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control and ferulic acid. Significant increases in the 
HDM and FALDM-treated groups were noticed 
compared to control and FA-treated groups. In the 
BUN, there is a significant increase in the HDM-
treated group compared to the control group. A 
significant decrease in the FALDM group compared 
to the HDM group. In uric acid, there is a significant 
increase in the HDM group compared to the control 
and FA. Similarly, there is a significant increase 
in the FAHDM group compared to the control group 
(Table 3).  

Discussion 
Organophosphate is the most used and studied groups 

among the pesticides. These environmental agents cause 
harm to humans through food3. Food supplements 
protective against many pests that are exposed through 
food in our daily lives have gained importance38. One of 
the markers of DM on liver and kidney systems is 
histopathological changes. We demonstrated several 
changes in each tissue when we applied DM to 
experimental animals. Cellular oxidative damage is 
thought to cause the correlation of biochemical, 
enzymatic and histopathological results and the tissue 
damage39. Light microscopic analysis is a critical 
indicator to show cellular damage. In this experimental 
study, dimethoate especially high dose dimethoate 
caused degeneration in the cell structure. We showed 
serious damage to the cells in light microscopic 
examinations in the dimethoate-treated group. These 
pathological changes in the kidney and liver could be 
due to the increased formation of ROS in cells and are 
related to LPO level. In this study, the light microscopic 
results are parallel with the biochemical assay findings. 
It has been reported that LD50 doses of dimethoate is 
1350 mg/kg body wt. for male rats40. For comparison, 
two different doses were used in this study.  

The most known antioxidants in mammals are SOD, 
catalase, GPX and glutathione26,3. When we look at the 
role of these antioxidants in the cell; GSH plays a role in 
the first defense line for scavenging of free radicals, 
detoxification of toxic substances and cofactor of GST 
and GPx. GST is responsible for catalyzing the 
conjugation of GSH electrophilic substrate to convert 
less toxic forms, and thereby LPO gets reduced. GPx 
protects the cells from the oxidative damage of LPO, 
and it converts H2O2 to water. SOD converts H2O2 to 
superoxide radicals, while CAT converts superoxide 
radicals to water and oxygen41. These enzymes are 
important in determining tissue damage30,42,43. The 
leakage of enzymes that must be present in the cell 
outside the cell may be an indication of damage to the 
cell membrane. However, the increase in the MDA level 
and changes in enzymatic antioxidants like SOD, GPx, 
CAT, GST show that cell injury is related to ROS 
production44,45. In this study, we showed that MDA 
levels increased in both liver and kidney tissue, and there 
were decreases and increases in enzyme activities 
compared to the control group. Some investigators have 
shown hepatic and nephrotic damage through oxidative 
stress and histopathology44,45. 

 

Our experimental study showed that subchronic 
administration of dimethoate causes hepatic and 
nephrotic damage in rats because of the increases in 
serum markers, such as ALT, AST, LDH, total 
cholesterol, total protein, BUN, uric acid, and creatinine. 
Increased free radicals may cause structural disruption 
by damaging the hepatocyte membranes, and AST, 
ALT, TP, albumin in cytosol were mixed with blood and 
increased compared to control. It has been reported that 
a higher concentration of bilirubin is associated with the 
reduced erythrocytes and shows hepatic disruption41. 
The increased total cholesterol level may be due to the 
toxicity of OPs on the hepatic membrane permeability41. 

Table 3 — Effects of dimethoate on kidney and liver function test parameters 
Control Ferulic acid LowDM High DM FA+Low DM FA+High DM 

Liver
ALT (U/L) 42,333±5,680 43,500±8,384 46,933±5,982 56,166±5,741a,b 51,500±5,009 47,166±6,852 
AST (U/L) 184,17±14,716 192,66±10,269 202,16±18,946 248,00±11,627a,b,c 171,83±34,504 167,00±37,894 
TP(g/dL) 5,185±0,099 5,220±0,069 5,753±0,309 6,385±0,392a,b 5,326±0,239d 4,771±0,239 
Albumin (g/dL) 2,523±0,171 2,500±0,109 2,573±0,131 2,795±0,138a,b,c 0,548±0,037d 2,478±0,098d 
LDH(U/L) 1034,66±148,98 1085,16±283,57 918,83±194,38 1135,83±114,45 1072,16±70,43 1060,83±114,38 
TK (mg/dL) 47,60±6,15 49,10±4,32 47,66±6,43 50,66±4,36 45,15±3,70 41,71±3,22 

Kidney
Creatinine (mg/dL) 0,286±0,030 0,291±0,032 0,306±0,021a 0,350±0,037a,b 0,355a,b±0,035 0,338±0,020 
BUN (mg/dL) 43,166±2,562 43,833±3,311 45,833±1,722 51,666±3,983a 43,333±5,715d 47,166±3,430 
Uric acid (mg/dL) 0,5450±0,063 0,5983±0,030 0,6767±0,121 0,9233±0,264a,b 0,6867±0,071 0,8850±0,231a 

[Values are mean ± SD of six rats in each group. Significance at P< 0.05. a Control vs. other groups; b FA group vs. other groups; c 
LDMT group vs. other groups; and d HDMT group vs. other groups] 
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The alteration in the total protein level might be due to 
changes in protein synthesis in the liver46. If there is 
damage to the cell membrane, enzymes that must be 
present in the cell leak out of the cell39. Hence, blood 
biochemical parameter changes provide information 
about the damage caused by toxic substances. The 
increase in these enzymes may be due to the liver 
dysfunction, and disturbance in the biosynthesis of these 
enzymes with alteration in the permeability of liver 
membrane occurs. Also, the increase in serum LDH 
activity may be due to the hepatocellular necrosis 
leading to leakage of the enzyme into the blood stream, 
and it is also an indicator of cellular damage44. Previous 
studies have shown that the enzymatic activities of AST, 
ALT, and LDH are sensitive to determinative liver 
toxicity44.  

Because of the damage to the nephron, urea, uric 
acid and creatinine can begin to accumulate in the 
blood, and an increase in serum is observed. This 
increase indicates that kidney function is impaired45,47. 
Similar to previous studies, the increase in plasma 
creatinine, uric acid and urea levels in this experiment 
may be due to kidney dysfunction as suggested by 
oxidative stress and pathological changes48.Pesticides 
can also cause serious pathological effects on other 
organs5,8,49. 

Vitamin C, vitamin E, quercetin, catechin, 
hesperidin, morin, ferulic acid, etc. are the major 
exogenous radical scavenging agents that play a role 
in the prevention of oxidative injury38,50. There are 
many investigations on the free radical scavenging 
properties of phenolic compounds51,52. Many studies 
have shown the protective effects of ferulic acid on 
toxic substances. With its free radical activity 
scavenging properties, FA can be well applied to 
oxidative stress15. 

Conclusion 
Possibly, its is the first study investigating the 

effectiveness of ferulic acid against different doses of 
dimethoate toxicity. Moreover, in toxicological 
studies, it is widely used as a biomarker in addition 
to cell oxidative parameters, histopathological lesions 
and serum biochemical levels, such as alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), urea and uric acid. According to the results of 
this study, high dose of HDMT is more effective than 
LDMT may be due to increased amounts of ROS 
cause membrane damage. The use of ferulic acid with 
DMT causes protection on the kidney and liver 

compared with individual use of these pesticides. The 
use of antioxidants like vitamins and flavonoids 
reduces pesticide damage, such as dimethoate.The 
data proved that ferulic acid exhibits promising 
hepatoprotective in some parameters and 
nephroprotective potential against the dimethoate-
induced hepatotoxicity and nephrotoxicity. 
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