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ABSTRACT
OBJECTIVE: Organophosphates including malathion can be ingested, inhaled, or absorbed through the skin, 
but it may be a maximum of acute toxicity when administered by oral intake. Intravenous lipid emulsion (ILE) 
treatment is used as a new treatment method in cases of systemic toxicity caused by local anesthetics. This 
study was aimed to examine the potential treatment effect of intravenous lipid emulsion on rat liver tissue in 
the toxicity of malathion.
METHODS: Twenty-one Wistar albino rats were randomly divided into three equal groups. The groups were 
organized as Group I (control), Group II (malathion) and Group III (malathion + lipid emulsion treatment). Liver 
tissues were examined histologically, and immunohistochemical analysis was performed to determine the bax, 
bcl-2, and caspase-3 expression levels.
RESULTS: A decrease of PAS positive staining cells, and an increase of liver enzymes, formation of degenera-
tive changes and apoptotic cell deaths occurred in the malathion group. Additionally, a decrease of apoptosis 
and hepatic parenchymal damage was observed in the malathion + lipid emulsion treatment group.
CONCLUSION: The fi ndings from our study suggested that lipid emulsion treatment had a protective effi cacy 
on the malathion induced liver toxicity (Fig. 5, Ref. 30). Text in PDF www.elis.sk
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Introduction

Organophosphates are pesticides with high toxicity levels that 
are easily accessible and widely used in agriculture (1). Poisonings 
due to organophosphates hold an important place among patients 
admitted to emergency services. While acute organophosphate 
poisonings occur mostly orally, it can also occur through skin and 
inhalation (2). The basic principle of symptomatic treatment is to 
inhibit acetyl cholinesterase (3). Despite anticholinergic treatment 
and sophisticated intensive care facilities, severe organophosphate 
(OP) poisoning has a high (~30–40 %) mortality rate (4). There-
fore, a better understanding of pathophysiology caused by OPs 
and the development of new treatment modalities are of great 
importance in OP toxicity.

The intravenous lipid emulsion (ILE) therapies are currently 
being used as a new treatment method in case of systemic toxic-
ity caused by local anesthetic therapies (5). Experimental studies 
showed that ILE therapy is effective in the treatment of cardiac 
arrest and cardiovascular collapse induced by bupivacaine and 
levobupivacaine toxicity (6, 7). 

Organophosphate poisoning was reported to cause damage on 
several tissues such as: liver, kidney, pancreas and brain (8–10). 
In experimental studies conducted to reduce this damage, an-
tioxidants were mentioned to have a protective effect (11, 12). 
Recently, therapeutic effect of lipid emulsion therapy on toxic ef-
fects of organophosphate was suggested as a hypothesis (13, 14). 
Effects of lipid emulsion therapy on pancreas, ovarium and brain 
damage caused by malathion, which is also an organophosphate, 
were examined (15–17). However, we did not come across any 
studies examining its specifi c effects on liver. Thus, our study was 
aimed to examine therapeutic effect of intravenous lipid emulsion 
therapy (20 % lipid solution), in the intoxication model formed 
with malathion, on liver tissue. 

Materials and methods

Animal selection
This study was conducted with a permission of the Local Eth-

ics Committee (2014 HADYEK-74). In the experiment, 21 Wistar 
albino male rats weighing 200–250 g. were used. Experimental 
applications in the research were carried out in accordance with 
the regulations for the care and use of laboratory animals. 

Experimental procedure
Rats were divided into three equal groups, each contain-

ing 7 rats; Group I (control), Group II (malathion) and Group 
III (malathion + intravenous lipid therapy). The Group II was 
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given 100 mg/kg malathion (Malathion EM®, Tarkim, Kocaeli, 
Turkey) by a gavage route. The dose of malathion was calcu-
lated based on LD50 and body weight (LD50 for male Wistar 
albino rat: 1768–1857 mg/kg). The Group III was administered, 
in addition to malathion after 10 minutes, 20 % lipid solution 
(OliClinomel N7-1000 E®, Eczacıbası-Baxter, Istanbul, Turkey) 
as 3 ml/kg with a branule connected to tail vein. Animals in 
the control group were administered only 1 mL of corn oil by 
gavage route and 3 mL/kg saline by intravenous cannula. Rats 
were killed by decapitation under 50 mg/kg intraperitoneal (i.p.) 
ketamine hydrochloride (Ketalar®, Eczacıbası, Istanbul, Tur-
key) anesthesia plus 5 mg/kg i.p. xylazine (Rompun®, Bayer, 
Leverkusen, Germany) 12 h after the gavage administration. At 
the end of the procedure, liver tissues were surgically removed 
for histological examination.

Histological examination
The liver tissues were removed and kept in 10% formalin solu-

tion. After routine histologic follow-ups, they were embedded into 
paraffi n. 4–5 μm thick sections were taken from paraffi n-embedded 
tissues and stained with Hematoxylin-Eosin (H&E) and Periodic 
Acid Schiff (PAS) method. The stained sections were examined 
under a Zeiss Axio Lab A1 light microscope. H&E-stained sections 
were used for histological examination of the tissue. To identify 
glycogen, liver tissue sections were stained with Periodic Acid 

Schiff (PAS kit; Hotchkiss Mc Manus, 04-130802, Bio-Optica, 
Milano, Italy). Evaluation of the glycogen levels were performed 
using image processing software (ImageJ 1.50) as previously de-
scribed (18). Integrated densities obtained by ImageJ were taken 
as an indication of glycogen levels. Four randomly selected ar-
eas were evaluated for each slide (40x objective) and the average 
values were used.

Immunohistochemistry
Immunohistochemistry was performed according to previ-

ously described procedures (19). Briefl y, 5 μm serial sections 
were collected on poly-L-lysine coated slides, and they were de-
paraffi nized in xylene and rehydrated in a graded series of etha-
nol. Then, sections were treated in a microwave oven in 10 mM 
citrate buffer (pH 6.0) for antigen retrieval. To prevent base stain-
ing, sections were incubated in a blocking serum (Ultra V Block, 
ScyTek Laboratories, Utah, USA), it was incubated with primer 
antibodies (rabbit polyclonal active-Caspase 3, ab13847, Abcam, 
UK; rabbit polyclonal anti-Bax; ab7977, Abcam, Germany; and 
rabbit polyclonal anti-Bcl-2, ab7973, Abcam, UK). After the pri-
mary antibody application, second antibody (ScyTek Laboratories, 
Utah, USA) was applied, and 3-Amino-9-ethyl carbazole (AEC) 
chromogen was performed. The sections were counterstained with 
Mayer’s hematoxylin (ScyTek Laboratories), and then they were 
mounted with Permount (Fisher Chemicals, Springfi eld, NJ, USA) 

Fig. 1. Liver tissue sections stained with hematoxylin-eozin (H&E); (A) Control group, (B) Malathion group, (C) Malathion+ILE group (x10 
objective).

A B C

A B C

Fig. 2. Representative appearances of liver tissue specimens after PAS staining; (A) Control group, (B) Malathion group, (C) Malathion+ILE 
group. *Denotes central vein in the liver (x40 objective).
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ed density value was signifi cantly lower in comparison to the 
malathion+ILE and the control group (p < 0.01) (Fig. 3). Addition-
ally, malathion-administered rats had a decreased PAS positivity, 
and the rats exposed to malathion along with ILE treatment had 
an increased PAS positivity (Fig. 2).

Immunohistochemical results
The liver tissue sections bax, bcl-2 and caspase-3 proteins 

were dyed immunohistochemically (Fig. 4). H-score results were 
evaluated and shown in Figure 5. The bax, bcl-2 and caspase-3 
immunoreactivity in malathion group was signifi cantly increased 
(p<0.001), and the immunoreactivity of all three proteins was 
lower in the malathion+ILE group compared to the malathion 
group (p<0.01) (Fig. 5). 

Discussion

Organophosphate (OP) insecticides inactivate cholinesterase 
enzyme by phosphorylating them. Thus, the increased acetyl-
choline constantly stimulates cholinergic receptors. OPs can also 
lead to metabolic disorders and organ damage. Organophosphate 
compounds can induce oxidative stress in the hepatocellular mi-
tochondria, the primary production site of reactive oxygen species 
(ROS) in liver cell. ROS production might cause cell damage by 
failure in mitochondrial function due to an increase in membrane 
permeability (20, 21). It was reported that this cell damage caused 
by organophosphate poisonings takes place in many tissues such 
as: liver, kidney, pancreas and brain (8–10). 

Malathion, widely used organophosphate with high toxicity, 
cause hepatocellular damage in liver tissue and increase liver en-
zyme activity (22). Previous study claimed that OPs increased the 
apoptotic activity by causing mitochondrial injury in the tissue. The 
mitochondrial injury causes damaged oxidative pathway and this 
situation may increase the use of glucose by the way of glycolysis 
(23, 24). Decreased PAS positivity as observed in our study may 
result from injured mitochondria and decreased glucose levels. 

Exposure to acute organophosphate was shown to cause loss 
of hepatocytes by inducing apoptosis. In the study conducted by 
Kurtulus et al (25), it was shown that organophosphate exposure 
increased caspase 1, caspase 3 and p53 gene, and histopathologi-
cal infl ammation and pyknosis were observed in the portal area. 
In a study performed by Amal et al (26) on people with organo-
phosphate exposure, it was revealed that true and pseudo cholin-
esterase levels and antioxidants (GSH) were decreased in people 
exposed to OP poisoning, while MDA and caspase-3 activity was 
increased. In our study, it was also observed that bax and caspase-3 
activities were increased signifi cantly in liver tissues of the rats 
exposed to organophosphate and this increase was assessed in fa-
vor of hepatocellular damage. 

OPs increase oxidative stress in liver tissue and most likely 
lead to an increase in bax and caspase3 immunoreactivity by acti-
vating the intrinsic pathway of apoptosis. In addition to oxidative 
damage, the inhibition of mitochondrial respiratory complexes by 
OPs may also be an additional intrinsic factor that triggers apop-
tosis (27). Intravenous lipid emulsion (ILE) has been widely used 

Fig. 3. Integrated intensity values of PAS staining. * p < 0.01, compared 
to the control and Malathion+ILE group.

on glass slides. For negative controls, sections were treated with 
normal rabbit serum. Photomicrographs were taken with a Leica 
microscope (Leica DM2500, Nussloch, Germany).

Evaluation of immunohistochemistry
Evaluation of the immunohistochemical labeling was per-

formed using H-SCORE analyses as previously described (19). 
The liver of the Caspase3, Bax and Bcl-2 immunoreactivities were 
semi-quantitatively evaluated using the following categories: 0 
(no staining), 1+ (weak but detectable staining), 2+ (moderate or 
distinct staining), and 3+ (intense staining). For each tissue, an 
H-SCORE value was derived as followed. First, the sum of the 
percentages of cells stained at each intensity category was calcu-
lated, and then, that value was multiplied by the weighted inten-
sity of the staining using the formula as followed: H-SCORE = 
∑Pi(i+ l). In this formula, ‘i’ represents the intensity scores, and 
‘Pi’ is the corresponding percentage of the cells. Five randomly 
selected areas were evaluated under a light microscope on each 
slide (40x objective). 

Statistical analysis
Statistical analyzes were performed using the IBM-SPSS 20 

program. One-way ANOVA test was used for comparing groups 
in terms of integrated density and H-score values, and Tukey test 
was used as post-hoc test. p < 0.05 was considered statistically 
signifi cant. 

Results

Histopathologic results
In malathion administered rats, regular arrangement of hepato-

cytes was distorted, sinusoidal expansion appeared, and ballooning 
degeneration was developed. There was also focal mononuclear 
cell infi ltration in parenchyma. However, in the group treated with 
lipid therapy, cellular damage was reduced and hepatocytes were 
more regularly arranged alongside the sinusoid (Fig. 1).

The liver tissue sections were stained with PAS for the evalu-
ation of glycogen content (Fig. 2), and integrated density results 
were shown in Figure 3. In the malathion group, the integrat-
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in clinical practice as an energy substrate containing essential fatty 
acids (28). In our study, we found a decrease in apoptosis in liver 
tissue after treatment with ILE. The use of fatty acids contained 
within the ILE as a good source of energy might have provided a 
protective mechanism against apoptosis by further increasing the 
ATP levels in these cells. Additionally, increased glycogen levels 
and PAS positivity in the liver tissue that we detected in our study 
might be due to the energy supply effect of ILE.

Intravenous lipid emulsion (ILE) infusion is a new treatment 
modality used in lipophilic drug toxicity. The mechanism of ac-
tion of lipid therapy is explained by a theory called “Lipid Sink”. 
According to this theory, it is argued that lipid molecules form-
ing complexes with lipophilic drugs imprison toxic agents and 
make them sink in the emulsion (5, 12). Zhou et al (14) presented 
a two-step treatment protocol as a hypothesis in their study for 
organophosphate poisoning. They stated that they intended to 
reduce harmful effects of toxic substances by starting lipid treat-

Fig. 5. H-score values of Bax, bcl-2 ve caspase-3 immunoreactivity. * 
p < 0.001, compared to the control group; ‡ p < 0.01, compared with 
Malathion+ILE group; # p < 0.01, compared to the control group.

A B C

D E F

G H I

Fig. 4. Immunoreactivity of Caspase-3 (A, B, C), Bax (D, E, F) and Bcl-2 (G, H, I) in the liver tissues of all the groups. There was a high im-
munoreactivity for Caspase-3, Bax and Bcl-2 in the liver of malathion-treated rats (B, E, H). Decreased immunoreactivity for Bax, Bcl-2 and 
Caspase-3 in the liver of malathion plus lipid treated rats (C, F, I). Very few Bax, Bcl-2 and Caspase-3 stained cells were observed in the con-
trol group (A, D, G) (x20 objective).
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ment quickly and isolating toxic substances in the fi rst step and in 
the second step, removing organophosphates from the body with 
hemoperfusion with coal particles. In the previous studies, it was 
shown that intravenous lipid emulsion treatment increased lethal 
dose threshold, especially in toxicity caused by anesthetics with 
lipophilic properties, and reduced mortality (29). 

In contrast to poisoning with lipophilic drugs, there are few 
studies investigating the effects of ILE treatment in OP poison-
ings. Tuzcu et al (16) reported that oral lipid emulsion treatment 
might have therapeutic effects on pancreatic tissue in low dose 
organophosphate poisoning. In parallel to the results of this study, 
Basarlan et al (15) reported that in organophosphate toxicity, early 
oral lipid emulsion therapy had an apparent therapeutic effect on 
brain tissue. They emphasized that lipid emulsion therapy should 
not be avoided as a safe treatment in such poisonings. According 
to Dunn et al (30), the timing of the infusion signifi cantly affects 
the effectiveness of ILE and therefore, the timing of lipid infusion 
should be adjusted according to the peak concentration of the toxic 
substance. In our study, ILE infusion was applied 10 min after 
malathion that this timing of ILE administration could signifi cantly 
reverse the histological injury of the liver tissue. Additionally, we 
found a decrease in the apoptosis after treatment with ILE and this 
may have been caused by ILE binding to malathion and reduction 
of the free malathion levels in circulation.

Conclusions

In this study, we experimentally conducted, it can be said that 
in organophosphate intoxication, the ILE therapy that had a thera-
peutic effect on the liver tissue. A decrease in apoptotic activity can 
be interpreted that the ILE therapy binds malathion and prevents it 
from accessing to the liver parenchyma, and thereby reduces the 
amount of malathion that would be metabolized in the fi rst place. 
This effect of ILE might be caused, beside lipid sink theory, by a 
large amount of energy production via intact mitochondria from 
fatty acids with high energies and protection of the cells. In order 
to make this distinction, it is needed to show in vitro environment, 
how much it binds lipid organophosphates. Since our study ex-
amined only early effects of the ILE therapy, further comparative 
studies to show its early, mid and late effects are required. 
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