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Abstract 

Background: Organophosphates (OP) are a group of chemical agents with frequent exposure 

due to accidents, suicide attempts or occupational reasons consisting of agricultural and 

industrial usage. The aim of the present study is to examine the influence of curcumin (CUR), 

sulforaphane (SFN) and intralipid treatments with known antioxidant effects in OP poisoning. 
Material and method: In the experimental study, an OP toxicity model was created by 

administering a dose of 30 mg / kg p.o malathion (MAL) to 30 rats divided into five equal 

groups, excluding the control group. Electrocardiography (ECG) and electromyography 

(EMG) examinations were performed on all rats at the 2nd and 12th hours and CUR, SFN and 

intralipid were administered in certain doses to rats other than the control group. In the liver 

and kidney tissue samples taken after the rats were sacrificed at the 24th hour; Superoxide 

Dismutase (SOD), Active Glutathione (GSH), Malondialdehyde (MDA) levels were assessed, 

whereas in the serum; Alanine aminotransferase (ALT), Aspartate transaminase (AST), urea, 

creatinine and pseudocholinesterase (PChE) levels were studied. 

Results: PChE levels of the rats were significantly lower in the OP group, and ALT and AST 

levels were significantly higher. There was no significant difference in the levels of SOD, 
MDA and GSH. ECG and EMG results were evaluated as normal in all groups. 

Conclusion: the present study, it is thought that CUR may have a therapeutic effect on liver 

tissues in OP toxicity, while SFN and intralipid may be effective in liver tissues by showing 

antioxidant properties and reducing organophosphate-induced pseudocholinesterease 

suppression, respectively. Additionally, it is suggested that ECG and EMG alone are not 

sufficient in evaluating cardiotoxicity and neurotoxicity in the acute period. 
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ÖZ 

Amaç: Organofosfatlar, tarım ve sanayide kullanılan, kaza, intihar amaçlı veya mesleksel 

nedenlerle insanların da sıkça maruz kaldığı bir grup kimyasal ajandır. Çalışmamızın amacı 

organofosfat zehirlenmesinde, antioksidan etkinliği bilinen CUR, SFN ve intralipid 
tedavisinin etkilerini incelemektir.  

  Gereç ve Yöntem: Deneysel olarak yapılan çalışmamızda beş eşit gruba ayrılmış 30 adet 

rata, kontrol grubu hariç tutularak 30 mg/kg p.o. dozunda MAL verilerek organofosfat 

zehirlenmesi modeli oluşturuldu. Tüm ratlara, 2. ve 12. saatte elektrokardi EKG ve EMG 

tetkikleri yapıldı ve yine bu saatlerde kontrol grubu dışındaki ratlara CUR, SFN ve intralipid 

maddeleri belirli dozlarda verildi. 24. saatte ratlar sakrifiye edildikten sonra alınan karaciğer 

ve böbrek dokularında; SOD, GSH, MDA düzeyleri, serumda ALT, AST, üre, kreatinin ve 

PChE düzeyleri çalışıldı. 

 Bulgular: Ratların PChE düzeyleri organofosfat grubunda anlamlı şekilde düşük, ALT ve 

AST düzeyleri ise anlamlı olarak yüksek bulundu SOD, MDA ve GSH üzerinde anlamlı etki 

oluşmadı. EKG ve EMG tüm gruplarda normal olarak değerlendirildi. 

Sonuç:Çalışmamızda, organofosfat zehirlenmesinde, kurkuminin karaciğer dokularında 
iyileştirici bir etkisinin olabileceği, sülforafanın karaciğer dokularında antioksidan özellik 

göstererek, intralipidin de organofosfata bağlı psödokolinestereaz baskılanmasını azaltarak 

etkin olabileceği düşünülmektedir. Bunun yanında akut dönemde kardiyotoksisite ve 

nörotoksisiteyi değerlendirmekte EKG ve EMG’nin tek başlarına yeterli olmayacağı 

öngörülmektedir.  
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INTRODUCTION 
Organophosphate (OP) compounds are highly fat-

soluble compounds formed as a result of the reaction 

of alcohol and phosphoric acid. They can be absorbed 

from the skin, conjunctiva, oral mucous membranes, 

gastrointestinal and respiratory tracts. The severity 

and duration of intoxication varies depending on the 

dose taken, the route of intoxication, chemical 

structure of the OPs and the metabolic rate of the 

body (1-2). 

The main mechanism of action of OP compounds is 

that they cause excessive stimulation at the 

cholinergic junction by inhibiting serum 
acetylcholinesterase (AChE) and cholinesterase 

enzymes (3). The measurement of AChE levels is a 

valuable diagnostic criterion that can be used as a 

mortality and morbidity marker (4,5). Pesticides have 

been shown to induce oxidative stress by causing the 

formation of free radicals and leading to changes in 

the antioxidant or oxygen-free radical scavenger 

systems of cells (6). 

Curcumin (CUR), which is obtained from the 

Curcuma longa plant, is a spice of the polyphenol 

super family, widely used in India. Numerous studies 
have shown that CUR has antioxidant, anti-

inflammatory, and anti-cancerous properties (7). 

Sulforaphane (SFN) is an anti-carcinogenic 

compound, first discovered to be a potent phase-2 

detoxification enzyme activator, found in vegetables 

such as broccoli and Brussels sprouts (8,9). 

Lipid emulsion is a compound containing soybean oil, 

egg phospholipids and glycerin, used parenterally in 

patients whose oral nutrition is not adequately 

provided. Lipid emulsion is generally referred to by 

its brand name; intralipid. It is used in different 

concentrations including 10%, 20%, 30% and it 
contains linoleic acid, omega 6, omega 3, and alpha-

linolenic acid (10). 

The aim of this study is to reveal the possible 

protective effects of CUR, SFN and intralipid solution 

against the damage on the heart, liver and kidney 

tissues caused by malathion (MAL) poisoning, which 

is one of the derivatives of OP. 

MATERIALS AND METHODS 

In this study, 30 Wistar Albino rats weighing 250-300 

g were used. The rats were fed with ready-made pellet 

rat food under standard conditions (21-22 ° C, 55-
65% humidity, 12 hours light-12 hours dark) and 

there were no limitations on the consumption of 

drinking water. 

The rats were divided into five groups of six. Group 1 

was determined as the control group and there were 

no administrations, while the other groups received 

30 mg / kg OP (p.o.). Group 2 rats received no 

additional agent. Group 3 rats were given the first 
dose of CUR (100 mg / kg p.o.) 2 hours after the OP 

administration and CUR (100 mg / kg p.o.) at the 12th 

hour. Group 4 rats were administered OP + SFN 2 mg 

/ kg (i.p) in 2 doses at the 2nd and 12th hours. Group 

5 rats received intralipid fat emulsion (18.6 mg / kg 

p.o) at the 2nd and 12th hours. Electrocardiography 

(ECG) recordings were performed twice; at the 2nd 

hour (onset) and the 12th hour. After the rats were 

anesthetized with 40 mg / kg ketamine and 4 mg / kg 

xylazine, ECG recordings were performed in the 

prone position. The data were evaluated using the 

BIOPAC System. The P wave, P-R distance, QT 
interval, T wave duration and heart beats per minute 

were calculated. Any arrhythmias and findings 

outside of the normal durations and amplitudes were 

interpreted as abnormal ECG findings. Bazzet 

formula was used to calculate QTc. Results were 

analyzed via the Mann-Whitney U Test. After the 

ECG recordings were completed, electromyography 

(EMG) recordings were started without any additional 

anesthetics. EMG recordings were performed on all 

groups 2 times in total; at the 2nd hour (onset) and at 

the 12th hour. BIOPAC MP 100 Acq. system (Santa 
Barbara, USA) was used for the EMG recordings by 

the supramaximal stimulation of the right sciatic 

nerve with a bipolar subcutaneous needle. The results 

were evaluated using the BIOPAC Acq. Knowledge 

software and analyzed by the Mann-Whitney U test. 

At the end of the 24th hour, venous blood samples 

were taken into EDTA tubes to evaluate the 

biochemical parameters (ALT, AST, PChE, urea and 

creatinine) of the rats. Rats were sacrificed following 

the administration of 40mg / kg pentobarbital. Kidney 

and liver tissue samples were taken from the 

postmortem rats. 

Statistical Analysis 

Obtained findings (ALT, AST, urea, creatinine, 

PChE, SOD, GSH (Active Glutathione) and MDA) 

statistical calculations were made using the SPSS 

10.0 package program. The data    obtained in the 

study were expressed as “mean ± standard deviation” 

(X ±SD). By applying analysis of variance (ANOVA) 

and Tukey's HSD (honestly significant difference) 

test in groups statistical relationship was determined. 

P< 0.05 was accepted for statistical significance. ECG 

and EMG findings were compared using the Mann-
Whitney U test. 

RESULTS 

The highest AST value was found in the OP group, 

while the lowest value was found in the control 

group. The increase in the OP group compared to the 

control group was statistically significant. Although 

the AST levels were observed to be lower in the other 
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groups in comparison to the OP group, this difference 

was not statistically significant. The ALT increase in 

the OP group was found to be statistically significant 

compared to the control group, while the lowest ALT 

value in the OP + SFN group was not statistically 

significant compared to the other groups as presented 

in Table1. 

Table 1. AST, ALT, UREA, Creatinine, PChE Measurements in Serum 

GROUPS AST U/L ALT U/L Urea mg/dl Creatinine mg/dl PChE U/L 

Group 1 

(Control) 

80.5±3.2 

p:0,630 

68.7±1.9 

p:0,057 

15.0±1.2 

p:0,088 

0.3±0.0 

p:1,924 

838.4±0.0 

p:0,916 

Group 2  

(OP) 

799.4±2.0* 

p<0,05 

257.9±0.9* 

p<0,05 

17.3±3.3 

p:1,934 

0.4±0.0 

p:3,280 

136.0±0.0* 

p<0,05 

Group 3 

(OP+CUR) 

387.0±2.5 

**, ¥, Ω 

p<0,05 

183.6±0.0 

p:0,560 

18.0±1.0 

p:0,297 

0.3±0.0 

p:0,523 

390.2±0.0 

p:0,190 

Group 4  

(OP+SFN) 

533.9±1.6 

p:0,093 

110.5±0.2 

p:0,542 

22.8±2.1 

p:0,562 

0.4±0.0 

p:0,733 

583.3±0.0 

p:0,779 

Group 5 

(OP+LIPID) 

562.0±2.2 

p:0,183 

201.1±0.2 

p:0,954 

25.3±3.4 

p:1,180 

0.4±0.0 

p:0,994 

793.5±0.0 

**,#,¥ 

p<0,05 
p <0.05 was considered significant.PChE: Pseudocholinesterase OP: Organophosphate, SFN: Sulforaphane, LIPID: Lipid 
emulsion, CUR: Curcumin. * p <0.05 different from control group; #p <0.05 different from OP + CUR group 
** p <0.05 different from OP group; ¥ p <0.05 different from OP + SFN group. Ωp <0.05 different from OP + LIPID group 

 

The level of urea, which is an indicator of kidney 

function, was measured the lowest in the control 

group. The highest urea value was in the OP + LIPID 

group, however this difference was not statistically 
significant compared to the control group (Table 1). 

There was no statistically significant difference 

between the groups in terms of urea and creatinine 

values. 

In the present study, the highest and lowest levels of 

PChE were observed in the control group and OP 

group, respectively and this difference was 

statistically significant. The highest PChE value after 

the control group was recorded in the OP + LIPID 

group. The fact that this value was significantly 

higher compared to the OP group was in favor of 

LIPID preventing PChE suppression. The values in 

the OP + CUR and OP + SFN groups were found to 

be lower than the OP + LIPID group, while there was 
no significant difference compared with the OP group 

(Table 1). 

There was no statistically significant difference 

between the groups in terms of SOD and MDA levels 

in the liver tissue. The highest GSH level was 

measured in the control group, while the lowest value 

was measured in the OP group and this difference was 

statistically significant compared to the control group 

(p <0.05) as presented in Table 2. 

Table 2. SOD, GSH, MDA levels in liver tissue 

Groups SOD(L) 

(nmol/g tissue) 

GSH (L) 

(nmol/g tissue) 

MDA (L) 

(nmol/g tissue) 

Group 1 

(Control) 

0.03±0.01 
p:0,145 

11.6±3.8 
p:1,136 

0.94±0.13 
p:0,182 

Group 2 

(OP) 

0.05±0.01 

p:0,744 

4.7±2.15* 

p <0,05 

1.51±0.29 

p:1,234 

Group 3 

(OP+CUR) 

0.03±0.01 

p:0,093 

4.9±1.05 

p:0,262 

1.33±0.05 

p:0,785 

Group 4 

(OP+SFN) 

0.04±0.01 

p:0,542 

8.6±2.93**, ¥, Ω 

p <0,05 

1.56±0.22 

p:0,092 

Group 5 

(OP+LIPID) 

0.05±0.01 

p:0,560 

4.8±2.41 

p:0,365 

1.00±0.09 

p:1,164 
SOD: Superoxide Dismutase, GSH: Active Glutathione, MDA: Malondialdehyde p <0,05 was considered significant. OP: 
Organophosphate, SFN: Sulforaphane, CUR: Curcumin, L: Liver, LIPID: Lipid emulsion* p <0,05 different from control group; 

#p <0.05 different from OP + CUR group ** p <0.05 different from OP group; ¥ p <0.05 different from OP + SFN group 
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Ωp <0.05 different from OP + LIPID group 

 

The highest GSH level after the control group was 

recorded in the OP + SFN group. The difference 

between the GSH levels of the OP + SFN group and 

the OP, OP + CUR and OP + LIPID groups was 

statistically significant (Table 2). 

No statistically significant difference was found 

between the control group and the other groups in 

terms of SOD, GSH and MDA levels in kidney tissue 

as seen in Table 3. 

Table 3. SOD, GSH, MDA levels in kidney tissue 

Groups  SOD (Kidney) 

(nmol/g tissue) 

GSH (Kidney) 

(nmol/g tissue) 

MDA (Kidney) 

(nmol/g tissue) 

Group 1 

(Control) 

0.06±0.16 

p:0,063 

0.73±0.3 

p:1,93 

2.4±0.6 

p:1,54 

Group 2 

(OP)  

0.03±0.01 

p:1,18 

2.03±0.1 

p:0,89 

1.7±0.3 

p:0,72 

Group 3 

(OP+CUR) 

0.07±0.01 

p:1.01 

1.81±0.6 

p:0,16 

2.1±0.2 

p:0,43 

Group 4 

(OP+SFN) 

0.07±0.01 

p:1.59 

0.86±0.2 

p:1,15 

3.7±1.2 

p:2,39 

Group 5 

(OP+LIPID) 

0.07±0.01 

p:0,23 

1.66±0.6 

p:0,56 

1.7±0.2 

p:1,52 

p <0.05 was considered significant. OP: Organophosphate, SFN: Sulforaphane, LIPID: Lipid emulsion, CUR: Curcumin 

 

When the ECG findings of the toxicity model were 

observed, a prolonged QTc interval was detected in 

the recordings of a rat in the OP group compared to 

other rats, however there was no statistically 

significant difference (p> 0.05). Lastly, there were no 

abnormal EMG findings in any of the rats. 

DISCUSSION  

In the present study, which investigated the effects of 

curcumin, sulforaphane and intralipid in the 

management of organophosphate toxicity; it was 

determined that in the OP group compared to the 
control group AST and ALT values measured in 

serum to evaluate liver tissues were found to be 

significantly increased. This indicates the damage to 

the liver tissues in OP poisoning. 

There are many studies in the literature indicating a 

decrease in liver enzymes after CUR administration in 

OP poisoning and its restorative effect on liver tissue 

(16-19). In the present study, AST and ALT levels 

were found to be decreased in the group treated with 

CUR, in accordance with the literature. However, 

only the AST levels presented a statistically 
difference in comparison to the OP group; this may be 

because AST is also a marker of cardiac and skeletal 

muscle damage besides the liver. 

SFN is a compound mostly found in vegetables such 

as Brussels sprouts and broccoli, which was first 

determined to activate phase 2 detoxification enzymes 

and has been shown to have anti-carcinogenic effects 

(20,21). On the other hand, the results of the present 

study indicated no beneficial effects of SFN on liver 

and kidney tissues. 

Although OPs are highly lipophilic compounds, 

according to the biochemical data, it was observed 

that intralipid had no protective effect on liver and 

kidney tissues. However, the researchers believe that 

no renal damage occurred in the rats of the MAL 
toxicity model. This may be due to insufficient dosing 

or time required for damage to occur. 

PChE is an enzyme that shows OP exposure and can 

be easily measured in blood. The PChE level was 

found to be suppressed in all groups except the 

control group. Although this result suggests that the 

intoxication model was formed properly, due to the 

fact that the experiment was terminated in the acute 

period, it could not be determined whether these 

values were significant in terms of clinical course. 

MAL is known to activate various reactive oxygen 
radicals; superoxide anion, nitrogen dioxide and 

hydroxyl radicals in particular (22,23). In the present 

study, there was an increase in the SOD levels of the 

OP group compared to the control group, however 
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this difference was not statistically significant. There 

was no statistically significant difference between the 

treated groups and the OP group. Due to the lack of 

research on the relationship between the available 

drugs and SOD mechanism, a definite conclusion 

regarding this issue cannot be drawn. 
In a study in which experimental MAL toxicity was 

created, a decrease in GSH in the tissues was found 

with the increase in serum lipid peroxide (LPO) and 

glutathione S transferase in the blood (24). In another 

study, on the contrary, it was reported that GSH 

levels increased in rats with Fenthion poisoning as an 

adaptive response to oxidative stress (25). In a study 

conducted by Alp et al. it was reported that the GSH 

level in liver tissue decreased significantly in rats 

with MAL toxicity, whereas it increased in the group 

given SFN and CUR due to MAL blocking (26). In 

the current study, similar to the study of Alp et al., the 
GSH level in the liver tissue of the group receiving 

MAL decreased significantly compared to the control 

group, and this difference was statistically significant. 

There is no consensus on GSH levels in tissues due to 

OP intoxication in the literature. Additionally, a 

statistically significant increase was detected in the 

SFN group compared to the OF group. This suggests 

that SFN is more effective than CUR and LIPID in 

preventing oxidative stress in liver tissue caused by 

MAL toxicity. 

It is believed that the major factor contributing to the 
decrease of cell functions in oxidative stress is the 

increase of lipid peroxides and the most important 

and most used marker of lipid peroxidation is the 

MDA level. There was no significant difference 

between the groups concerning the MDA levels in 

liver and kidney tissue. This suggests that in the 

present study, an injury did not develop in the liver 

through lipid peroxidation. 

In their study, in which EMG recordings were 

analyzed to evaluate the neuromuscular effects of 

acute OP intoxication, R.S. Wadia et al. reported that 
EMG findings were mostly normal in acute poisoning 

(27). The data obtained in the current study were 

divided into two as normal and abnormal findings 

before evaluation. No abnormal EMG findings were 

found in any of the rats. 

In the present study, when the 2nd hour and 12th hour 

ECG findings of the subjects were evaluated, no ECG 

disorder was found in any of the subjects, and the 

EMG values of all subjects were also found to be 

normal. 

 

 

 

 

 

 

CONCLUSION   

In summary, as the findings of the present study 

indicate; curcumin and sulforaphane are effective in 

preventing liver damage, while intralipid contributes 

by reducing PChE suppression.  

LIMITATION 

The number of rats was limited in line with the 

decision of the ethics committee. Contrary to what 

was predicted in the hypothesis, no significant 

difference was found in ECG and EMG. However, 

there is a need for further research supported by 

histopathological imaging to reach a definitive 

conclusion.  
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