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Introduction
Organophosphate insecticides are widely used pesticides 
in agriculture, especially in developing countries [1, 2]. 
They hold an important place among patients admitted 
to emergency services [3, 4]. It is reported that suicide 
rates have exceeded 1/3 in China and 1/10 globally [5]. 
According to data, almost 1/7 of the world’s suicides, 
totaling 110,000 out of 798,000 cases, were due to organo-
phosphates [6]. In Jiangsu province of China, there were 
about 30,789 pesticide poisoning cases between 2007 
and 2016, with most of them being caused by organo-
phosphates [7, 8]. Organophosphate poisoning inhibits 
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Abstract Organophosphorus poisoning (OP), a prevalent form of pesticide intoxication, induces severe multiorgan 
dysfunction. While combined lipid emulsion (ILE) and standard treatment (pralidoxime methiodide & atropine) 
demonstrate improved clinical outcomes, the therapeutic mechanisms remain elusive.

Methods An OP rat model was established for: (1) histopathological assessment via hematoxylin-eosin (H&E) 
staining; (2) LPS/Toll-like receptor 4 (TLR4) quantification through flow cytometry; (3) inflammatory cytokine 
measurement using enzyme-linked immunosorbent assay (ELISA); and (4) cytokine mRNA analysis via reverse 
transcription PCR (RT-PCR). TLR4 pathway validation employed anti-TLR4 intervention.

Results After survived 24 h, multiple organs were damaged in rats with organophosphorus poisoning. Treatment 
with standard treatment or only lipid emulsion slightly alleviated the symptoms of poisoning, However, when 
standard treatment was combined with lipid emulsion, the symptoms were significantly alleviated, and the 
expression level of TLR4 was significantly decreased in the ST + ILE group. After anti-TLR4 was used to block the LPS/
TLR4 pathway, liver function and acetylcholinesterase(AchE) levels in rats were significantly improved(P < 0.001), lung 
and heart pathology improved, and inflammatory cytokines were reduced; Moreover, the expression level of TLR4 in 
heart and lung also decreased significantly(P < 0.01). As a result, the symptoms of organ poisoning were relieved.

Conclusion Lipid emulsion is involved in the protective effect via the LPS/TLR4 pathway on vital organs inacute or 
organophosphorus poisoning.
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acetylcholinesterase, leading to acetylcholine accumula-
tion and causing muscarinic (e.g., bronchospasm, sali-
vation), nicotinic (e.g., muscle fasciculations, weakness), 
and central nervous system symptoms (e.g., altered con-
sciousness). Patients with chronic disorders face higher 
risks due to compromised baseline physiological func-
tions [9, 10]. The traditional treatment method involves 
atropine and Pyraloxime Methiodide(PAM), which can 
appropriately reduce mortality and severity rate [11, 12]. 
However, the current treatment is only partly effective 
with case fatality often greater than10% even in intensive 
care units [13]. Therefore finding effective adjuvant drugs 
to reduce acute organophosphate-induced damage to the 
organs is urgently required.

Lipid emulsion (ILE) is one of the most commonly 
used drugs in nutritional replacement or as a therapy. 
It is composed of soybean oil, egg phospholipids and 
glycerine, and is available in 10%, 20%, and 30% con-
centrations [14]. The 20% ILE is utilized as parenteral 
nutrition for patients who are unable to eat [15]. The 
clinical rationale for using lipid emulsion therapy in 
organophosphorus poisoning is based on several poten-
tial mechanisms (Lipid Sink Effect, Cardiac Stabilization, 
CNS Protection), though evidence is primarily extrapo-
lated from experimental models and other poisoning 
contexts [16–19]. Lipid emulsion is primarily used for 
lipid-soluble drug/toxin poisoning (e.g., local anesthet-
ics, organophosphates) [16, 20, 21]. It has been reported 
that animals treated with ILE were found to have reduced 
liver and pancreatic injury when compared with animals 
treated with the accepted antidotes alones [22, 23]. A 
recent international study investigating the therapeutic 
benefits of intravenous ILE in rats with organophospho-
rus insecticide poisoning demonstrated that combin-
ing ILE with atropine and PAM significantly alleviated 
poisoning symptoms, reduced mortality rates, acceler-
ated cholinesterase level recovery, and minimized organ 
damage caused by toxic exposure [24–27]. However, the 
precise mechanism by which ILE mediates organ protec-
tion in acute organophosphate poisoning remains poorly 
understood. To address this knowledge gap, the present 
study systematically investigates the molecular path-
ways through which ILE attenuates toxin-induced organ 
damage.

Materials and methods
Chemicals
Dichlorvos, also known as 2,2-dichlorovinyl dimethyl 
dichlorvos (DDVP No. 20200813001, Adama Corpora-
tion, China), 20% intravenous Lipid emulsion (ILE No. 
80PF033, China), Atropine (No. 1811161, Fresenius Caba, 
China), PyraloximeMethiodide (PAM, No. 19032701, 
Kaifeng Pharmaceutical, China), Toll4 blocker (anti-
TLR4, No. 66229 MedChem Express New Jersey, USA), 

CD284 [TLR4 monoclonal antibody, PE (No. 12904180, 
eBioscience™, USA)].

Fifty male
Sprague-Dawley rats (weight: 250–280 g) were purchased 
from Shanghai Jihui Experimental Animal Breeding Co., 
Ltd. (SCXK No.: 2017-0012-005541, China). All animals 
were housed under specific pathogen-free (SPF) condi-
tions at a controlled temperature of 22–24  °C with ad 
libitum access to sterilized food and water. To establish 
the poisoning model, rats were intranasally administered 
dichlorvos (DDVP) at a dose of 7  mg/kg. Subsequently, 
the animals were randomly divided into five groups 
(n = 10/group) using a random number table:

1. Mock group: Received 5 mL/kg saline via tail vein 
injection;

2. ILE group: Administered 20% intravenous lipid 
emulsion (ILE) at 5 mL/kg via tail vein injection;

3. ST (Standard Treatment) group: Immediately 
after DDVP injection, rats in this group received 
intramuscular injections of atropine (10 mg/kg) and 
pralidoxime (PAM, 40 mg/kg) [28];

4. ST + ILE group: In addition to the standard 
treatment, this group was administered 20% 
intravenous lipid emulsion (ILE) at 5 mL/kg via tail 
vein injection.

5. ST + ILE + anti-TLR4 group: The ST + ILE treatment 
was further combined with anti-TLR4 antibody 
(0.5 mg/kg) administered via tail vein injection.

Twenty-four hours after initial treatment, all rats were 
euthanized by decapitation under anesthesia induced 
by intraperitoneal injection of ketamine hydrochloride 
(Ketalar®, Istanbul, Turkey; 50 mg/kg) and xylazine (Rom-
pun®, Bayer, Leverkusen, Germany; 5 mg/kg). The time of 
death was recorded, and lung and heart tissues were sur-
gically excised for histological analysis.

Histological analysis
The heart and lung tissues were removed and preserved 
in 10% formalin solution. Following routine histologic 
procedures, they were embedded in paraffin, from which 
4–5  μm thick sections were obtained and stained using 
the Hematoxylin-Eosin (H&E) method. The inflamma-
tory reaction in the heart and lung tissue was assessed 
based on muscle fiber appearance, red blood cell and 
inflammatory cell counts. Histopathological examina-
tion was conducted on the lung and heart tissue sections 
to evaluate tissue congestion, muscle fiber arrangement, 
and presence of inflammatory cells.
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Measurement of cytokine gene expression
Total RNA was extracted from rat lung and heart homog-
enates following the manufacturer’s instructions. First-
strand cDNA synthesis was carried out using SuperScript 
II Reverse Transcriptase (NO. R222−01, China), followed 
by reverse transcription PCR using SYBR Green Master 
Mix (NO. Q411−02, China) in a Step One Plus PCR sys-
tem. Tissue samples were obtained from 5 rats in each 
group, with the experiment being repeated three times. 
Primer design and synthesis were performed by GS Corp 
(Nanjing, China), The primer sequences are as follows:

Gene Up primer(5′-3′) Down primer(5′-3′)
IL-6 5’-ACAAGTCCGGAGAGGAGACT-3’ 5’-TTGCCATTGCA-

CAACTCTTTTC-3’
NF-κB 5’-TATGGACAACTATGAGGTCTCTGG-3’ 5’-GGCTGCCTGGAT-

CACTTCAA-3’
TNF-α 5’-ATGGGCTCCCTCTCATCAGT-3’ 5’-GCTTGGTGGTTT-

GCTACGAC-3’
β-actin 5’-CCCATCTATGAGGGTTACGC-3’ 5’-TTTAATGTCACG-

CACGATTTC-3’

Reverse transcription PCR was conducted using a 
LightCycler® 480 system (Roche Molecular Biochemi-
cals) with identical amplification conditions. The expres-
sion of the target gene was normalized to that of β-actin 
and presented as fold-change in mRNA expression 
(fold-change = 2-△△CT).

Baseline biochemical parameters were recorded for all rats 
prior to dichlorvos (DDVP) poisoning
Blood samples were collected via tail vein puncture at 
two time points: pre-exposure and 4  h post-poisoning. 
Serum acetylcholinesterase (AChE) activity and hepatic 
function markers were quantified using standardized 
enzymatic assays at the Experimental Research Center.

Cytokine assessment in serum
Serum samples (approximately 0.5  ml) were collected 
from the orbital cavity of five rats in each group,24 h after 
poisoning. The levels of cytokines, including IL-6 (NO. 
JL20268, Jianglai Biology, China), TNF-α (NO. JL10484, 
Jianglai Biological, China), and NF-κB (NO. JL18090, 
Jianglai Biological, China), were quantified using ELISA 
kits. The experiment was repeated three times.

Preparation of single-cell suspensions from the lung and 
heart
The rats were anesthetized and their lungs and hearts 
were flushed in situ with 20 mL of phosphate-buffered 

saline (PBS) via cannulation of the heart to remove the 
intravascular blood pool. Lung tissues and hearts were 
then incubated at 37 °C for 1 h on a rocker with a solu-
tion containing 200 µg/mL collagenase D and 40 µg/mL 
DNase I (Roche Molecular Biochemicals, China) in 10 
mL of RPMI 1640 medium supplemented with 10% fetal 
calf serum. Single-cell suspensions from the digested 
lung or heart tissue were collected through density-gradi-
ent centrifugation using lymphocyte separation solution. 
The cells were resuspended in RPMI 1640 medium.

Flow cytometry
To identify TLR4 in the lungs and hearts of rats, each ali-
quot of parenchymal cells was blocked with anti-mouse 
CD284 and incubated on ice for 20  min with specific 
monoclonal antibodies or isotype-matched controls. 
Subsequently, flow cytometry analysis was performed on 
100,000 stained parenchymal cells to identify TLR4 as 
CD284.

Statistical analysis
Statistical analysis was conducted using SPSS version 
22.0 software, confirming that the data followed a normal 
distribution pattern. Measurement data are presented 
as mean ± standard deviation (x ± s). Single factor multi-
level group one-way analysis of variance was used for 
comparison, and further pairwise comparisons among 
groups employed the LSD-t method. A significance level 
of P < 0 0.05 was considered statistically significant.

Results
General index and biochemicals in serum
In this experiment, 50 rats were utilized for the study. 
Baseline body weight and temperature did not exhibit 
significant differences among the five groups (Table  1). 
There were no notable variations in weight and tempera-
ture observed across the 5 groups (P > 0.05, Table 1).

In acute organophosphorus-poisoned rats, the vital 
organs were severely damaged after 4 h of poisoning. The 
serum levels of AchE also significantly declined (Table 2). 
The liver function markers ALT/AST/LHD showed a sig-
nificant increase, indicating impaired liver function after 
24  h of poisoning. However, treatment with standard 
treatment or ILE improved liver function. When stan-
dard treatment was combined with ILE, the ALT/AST/
LHD levels decreased significantly compared to the ST 
or ILE group, and AchE levels in the serum increased. 
Additionally, AchE levels were significantly higher in the 
ST + ILE + anti-TLR4 group than in the ST + ILE group. 

Table 1 Baseline characteristics (n = 10/ group, x ± s)
Group Mock ILE ST ST + ILE ST + ILE + anti-TLR4 P
Weight(g) 265.5 ± 9.45 263.4 ± 5.42 260.7 ± 6.50 264.2 ± 8.12 260.4 ± 9.57 0.7758
T (°C) 36.66 ± 0.25 36.69 ± 0.25 36.75 ± 0.21 36.76 ± 0.17 36.81 ± 0.19 0.5707
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Furthermore, the ALT/AST/LHD levels of liver function 
significantly decreased in the ST + ILE + anti-TLR4 group 
compared to the ST + ILE + anti-TLR4 group (Table 2).

Pathological
Pulmonary pathology of organophosphorus poisoning: 
The mock group exhibited widened alveolar septa with 
edema and interstitial hyperemia, inflammatory cell infil-
tration, perivascular loose edema, and exudation. In the 
ILE group, the alveolar septum was widened with inter-
stitial hyperemia and inflammatory cell infiltration. The 
ST group showed slightly widened alveolar septa with a 
small amount of inflammatory cell infiltration and red 

blood cell exudation. In the ST + ILE group, there was a 
small amount of inflammatory cell infiltration and red 
blood cell infiltration. The ST + ILE + anti-TLR4 group 
displayed slightly widened alveolar septa with a small 
amount of inflammatory cell infiltration and red blood 
cell exudation in the lungs (HE, ×100 objective) (Fig. 1). 
Cardiac pathology of organophosphorus poisoning: In 
the mock group, disordered muscle fiber arrangement 
was observed along with damaged muscle fibers, leakage 
of a large number of red blood cells between tissues, as 
well as inflammatory cell infiltration and cellular edema. 
The ILE group exhibited widened alveolar septa with 
interstitial hyperemia and inflammatory cell infiltration. 

Table 2 After organophosphorus rats were poisoned, five groups of rats survived 24 h; liver function in blood and ache secreted 
detected after poisoned 4 h in serum(x ± sd n = 10/ group, U/L). Values are presented as mean ± SD
Group Mock ILE ST ST + ILE ST + ILE + anti-TLR4 P
ALT 229.60 ± 9.09 214.90 ± 15.80 150.60 ± 7.95 127.00 ± 7.75 105.6 ± 16.77 < 0.0001
AST 242.90 ± 20.40 197.90 ± 17.77 175.70 ± 10.75 140.10 ± 19.30 103.1 ± 14.99 < 0.0001
LDH 539.50 ± 25.01 413.80 ± 31.36 352.20 ± 30.92 315.40 ± 22.29 275.2 ± 11.03 < 0.0001
AchE 137.4 ± 73.67 306.307 ± 66.01 441.7 ± 174.37 536.4 ± 229.38 721.9 ± 6.48 < 0.0001

Fig. 1 Histological examination of lung tissues from organophosphorus-poisoned rats at 24 h. Lung tissues were collected and stained with hematoxylin 
and eosin (H&E). Black arrows indicate inflammatory cellinfiltration, and red arrows highlight erythrocyte extravasation (HE, ×100 objective)
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The ST group showed slightly widened alveolar septa 
with a small amount of inflammatory cell infiltration and 
red blood cell exudation. In the ST + ILE group, there 
was a small amount of inflammatory cell infiltration and 
erythrocyte exudation. The ST + ILE + anti-TLR4 group 
displayed slightly widened alveolar septa with a small 
amount of inflammatory cell infiltration and red blood 
cell exudation (HE, ×100 objective) (Fig. 2).

Cytokine assessment and cytokine gene expression
Following organophosphorus poisoning, there was a sig-
nificant increase in serum levels of the pro-inflammatory 
cytokines IL-6, TNF-α, and NF-κB. The Mock Group had 
significantly higher levels compared to those in the ILE 
Group before decreasing in the ST Group. The most sig-
nificant decrease was observed in the ILE Group (Figure 
3).

Flow cytometry
Flow cytometry analysis revealed a significant increase 
in LPS/ TLR4 expression in lung tissue and heart follow-
ing organophosphate poisoning after 24 h of survival. In 
the mock group, LPS/TLR4 expression was significantly 
higher compared to the ILE and ST groups, with the most 
significant decrease observed in the ILE group. However, 
the blocking group exhibited the lowest TLR4 expres-
sion, which decreased significantly after treatment with 
ILE combined with atropine and PAM. The expression of 
TLR4 in the heart mirrored that of the lung (Fig. 4).

Discussion
Organophosphorus poisoning is a common type of pes-
ticide poisoning, and the standard treatment involves 
PAM and atropine, supplemented by gastric lavage, 
blood perfusion, and other comprehensive treatments 
[29]. However, the prognosis is often unsatisfactory [25]. 
Organophosphorus poisoning can lead to damage in 
important organs. Research has shown that during the 

Fig. 2 Histological examination of heart tissues from organophosphorus-poisoned rats at 24 h. Heart tissues were collected and stained with hematoxy-
lin and eosin (H&E). Black arrows indicate inflammatory cell infiltration, blue arrows denote muscle fiber rupture, and red arrows highlight erythrocyte 
extravasation (HE,×100 objective)
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treatment of AOPP, the combination of standard treat-
ment and ILE can reduce the use of atropine. Tuzcu et 
al. found that ILE reduces pancreatic damage caused by 
organophosphate poisoning [30, 31], while Malarvan-
nan et al. identified the protective effect of ILE on kid-
neys in acute organophosphate poisoning [32]. In this 
study, organophosphate poisoning resulted in damage to 
the liver, heart, lungs and other vital organs. The combi-
nation of standard treatment with ILE alleviated poison-
ing symptoms and significantly decreased inflammatory 
cytokines at both protein and mRNA levels. This con-
firms that ILE combined with standard treatment exerts 
a protective role on important organs [33, 34]. The exact 
mechanism of action for ILE in AOPP is not yet clear; 
however there are common theories including:1) “ILE 
pool” theory: where ILE introduced into circulation 
replaces toxic substances in plasma as droplets which 
then play a detoxification effect [35]; 2) Metabolic theory: 
where ILE blocks damage effects and promotes mito-
chondrial activity within cells leading to altered distribu-
tion of ILE-soluble organophosphorus pesticides in the 
body promoting metabolism or discharge of poison [36, 
37]. Studies have indicated that the infusion of intrave-
nous lipid emulsion (ILE) into the liver and spleen endo-
thelial network results in the absorption of long-chain 
triglycerides. This leads to the accumulation of organic 

phosphorus, A potent ILE-soluble drug, in the liver and 
spleen under the influence of ILE. Consequently, ILE has 
the potential to alter the distribution of organic phospho-
rus in the body and inhibit immune function and inflam-
matory response.

Toll-like receptor 4 (TLR4) is a member of the TLR 
family and has been identified as a key pattern recogni-
tion receptor for lipopolysaccharide (LPS) [38, 39]. It 
plays a crucial role in linking inflammation response with 
metabolic syndrome [40–42]. Activation of TLR4 by LPS 
derived from Gram-negative bacteria induces inflam-
matory signaling, contributing to inflammatory immu-
nity [37, 43–45]. The expression of LPS increases during 
stress and inflammatory responses, leading to activation 
of the LPS/TLR4 pathway, intracellular NF-κB activa-
tion and production of inflammatory cytokines such as 
TNF-α and IL-6. These cytokines play critical roles in 
responding to external stimuli and tissue damage [40, 
46]. Organophosphorus insecticides are known to be 
lipophilic; therefore, ILE may serve as a novel therapeutic 
agent due to its similar lipophilic properties. Addition-
ally, ILE inhibits macrophage activation through binding 
with phospholipids and high-density lipoproteins pres-
ent in vivo or vitro conditions which neutralize cytokine 
responses. Studies on healthy volunteers have demon-
strated that supplementation with ILE after endotoxin 

Fig. 3 Rats exposed to organophosphorus pesticides survived for 24 h, resulting in increased production of inflammatory cy-tokines. Serum samples 
were collected and analyzed for levels of IL-6, TNF-α, and NF-κB using ELISA (A). The expression of inflammatory mediators mRNA(IL-6, TNF-α, and NF-κB) 
in lung and heart tissues was quantified (B, C). These data are representative of five independent experiments (n = 5 rats/group). Statis-tical significance 
is indicated as follows: aP < 0.01 vs. Mock group; bP < 0.01 vs. ILE group; cP < 0.01 vs. ST group; dP < 0.01 vs. ST + ILE group
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stimulation resulted in significant effects on immune 
function modulation [47]. The action with lipophil-
ics reduces the levels of Interleukin-6 (IL-6) and Tumor 
necrosis factor-α (TNF-α) [48]. However, after the action 
with lipophilics, ILE loses its ability to inhibit the release 
of IL-6 and TNF-α. It was observed that ILE or lipopoly-
saccharide (LPS) alone does not release IL-6 and TNF-α 
[49]. Our experimental data revealed significant upregu-
lation of TLR4 and inflammatory protein expression in 
cardiac and pulmonary tissues following organophos-
phate intoxication. Notably, TLR4 expression dynam-
ics exhibited a strong positive correlation (p < 0.01) with 
serum concentrations of pro-inflammatory mediators, 
including IL-6, TNF-α, and NF-κB. Therapeutic interven-
tion with PAM, atropine, and intravenous lipid emulsion 
(ILE) substantially attenuated tissue expression of TNF-
α, IL-6, and NF-κB (p < 0.05 vs. Mock group), with these 
molecular changes directly associated with improved 
clinical outcomes (reduced mortality, accelerated cho-
linesterase recovery). Mechanistically, the LPS/TLR4 
signaling axis was identified as a central driver of AOPP 
pathology. Immunohistochemical analysis demonstrated 
that both standard therapy (ST) and ILE monotherapy 
reduced TLR4 overexpression in vital organs, yet the 

combined ST + ILE regimen achieved superior suppres-
sion. To establish causal linkage, we employed a TLR4-
specific inhibitor in parallel with standard therapies. 
Pharmacological blockade of the LPS/TLR4 pathway 
yielded multifactorial benefits:

These findings delineate a pathogenic cascade wherein 
organophosphates activate the LPS/TLR4 pathway, trig-
gering mediated cytokine storms that culminate in multi-
organ dysfunction. Therapeutic targeting of this axis, 
particularly through ILE-enhanced detoxification, repre-
sents a promising strategy for mitigating AOPP-induced 
tissue injury.g to secretion of inflammatory cytokines and 
subsequent damage to vital organs.

In summary, Our findings suggest that combining ILE 
with standard therapy (pralidoxime/atropine) enhances 
organ protection in acute organophosphate poisoning, 
potentially through suppressing the TLR4 pathway and 
reducing inflammatory cytokines. However, key limita-
tions include: Small sample size and lack of clinical vali-
dation; Absence of long-term outcome data; Undefined 
risks of drug-lipid interactions; Future studies should 
prioritize mechanistic validation (e.g., TLR4 knockout 
models), clinical translation trials, and extended safety 
assessments.

Fig. 4 Representative flow cytometry images showing TLR4 expression in lung (A) and heart (B) tissues of organophosphorus pesticide-poisoned rats 
at 24 h post-exposure. Corresponding LPS/TLR4 expression levels in surviving rats are presented. Statistical significance is denoted as follows: aP < 0.01 
vs. Mock group; bP < 0.01 vs. ILE group; cP < 0.01 vs. ST group; dP < 0.01 vs. ST + ILE group. Corresponding LPS/TLR4 expression levels in surviving rats are 
presented (C)
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Abbreviations
ALT  Glutamic pyruvic transaminase
AST  Aspartate transaminase
HE  Hematoxylin-eosin
ILE  Lipid emulsion
LHD  Glutamic pyruvic transaminase
LPS  Lipopolysaccharide
OP  Organophosphorus poisoning
PAM  Pyraloxime Methiodide
TLR4  Toll-like receptor 4
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