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Objective(s): The increasing use of methamphetamine (METH) in the last decades has made it the 
second most abused drug. Advancs in the area of intravenous lipid emulsion (ILE) have led to its 
potential application in the treatment of poisoning. The present study aims to investigate the 
potential role of ILE as an antidote for acute METH poisoning. 
Materials and Methods: Two groups of six male rats were treated by METH (45 mg/kg), 
intraperitoneally. Five to seven min later, they received an infusion of 18.6 ml/kg ILE 20% through 
the tail vein or normal saline (NS). Locomotor and behavioral activity was assessed at different 
time after METH administration. Body temperature and survival rates were also evaluated. Brain 
and internal organs were then removed for histological examination and TUNEL assay. 
Results: ILE therapy for METH poisoning in rats could prevent rats mortalities and returned the 
METH-induced hyperthermia to normal rates (P<0.05). ILE reduced freezing and stereotyped 
behaviors and increased rearing responses (P<0.05). Locomotor activity also returned to control 
levels especially during the last hours of the experiment. ILE administration decreased the 
prevalence of pulmonary emphysema in the lungs (P<0.05 and P<0.01) and percentages of TUNEL 
positive cells in the brain (P<0.05), in comparison with the control group. 
Conclusion: ILE could reduce the severity of METH- induced toxicity as well as mortality rate in 
the animals. Intravenous infusion of lipid emulsion may save the life of patients with acute METH 
intoxication who do not respond to standard initial therapy.  
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Introduction 
The increasing use of methamphetamine (METH) in 

the last decades has made it the second-most abused 
drug in the world. It has been reported that nearly 0.7% 
of the global population (33.8 million people) aged 15 
to 64 years-old, used amphetamine-type stimulants in 
2010 (1). Relative ease of availability and low cost of 
synthesis are among the reasons for rise in METH 
abuse (2). METH abusers utilize various routes of 
administration including smoking, injection, ingestion, 
nasal insufflation or snorting, sublingually or even 
rectally (1). METH abuse can adversely affect health, 
causing acute mental and behavioral disorders and 
long-term health complications following chronic use 
(3). Every year, approximately 94000 cases of METH 
intoxication are admitted to the emergency wards of 
United States hospitals (4). The incidence of METH

intoxication in all autopsies in San Diego County has 
been 4.9% (5). Patients with acute METH intoxication 
may present with a variety of clinical manifestations 
including: hypertension, tachycardia, dysrhythmias, 
myocardial ischemia, hyperthermia, agitation, seizures, 
intra- cerebral hemorrhage, headache, euphoria, 
choreo- athetoid movements, hyperreflexia, paranoid 
psychosis, rhabdomyolysis, muscle rigidity and acute 
lung injury. Benzodiazepines are the recommended 
treatment for METH toxicity and  can reduce agitation, 
seizures, delirium or hallucinations (6). However, at the 
present time, there is no available antidote for acute 
METH toxicity. Severe METH overdose or poisoning can 
even be fatal. 

Intravenous lipid emulsion (ILE) is a lipid rich  
emulsion that has been used to provide calories and 
essential free fatty acid to patients in peripheral
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parenteral nutrition (7). Recently, ILE has been utilized 
for delivering lipid-soluble drugs, such as fentanyl, 
decotaxl and etopsides, intravenously, because of the 
biocompatible nature of the lipid-based delivery 
systems (8-10). Advances in the area of ILE have 
resulted in potential application of ILE for treating 
poisoning. There is considerable evidence from animal 
studies and case reports to support the effectiveness of 
ILE in alleviating drug or xenobiotic toxicity and 
reversing the hemodynamic or neurological toxicity 
(11-13). The present study aims to investigate the 
potential role of ILE as an antidote in acute METH 
poisoning. 

 

Materials and Methods 
Animals and drugs  

Two groups of six male Wistar rats weighing 250-
300 g; were obtained from the Animal Center, School of 
Pharmacy, Mashhad University of Medical Sciences. 
Animals were kept on a 12 hr light/dark cycle and 
temperature of 23 ± 1 °C (room temperature) with free 
access to standard laboratory food and tap water. 

All experimental procedures were carried out in 
accordance with the guidelines of the Animal Care 
Committee of Mashhad University of Medical Sciences. 

ILE was obtained from Fresenius Kabi AB, Spain and 
METH was donated by the Department of Medicinal 
Chemistry, School of Pharmacy, Mashhad University of 
Medical Sciences (Mashhad, Iran). 
 
Groups and treatments 

All animals were treated by METH at a dose of 45 
mg/kg, intraperitoneally. Five to seven min after METH 
injection, they received an infusion of 18.6 ml/kg ILE 
20% in the experimental group or normal saline (NS) in 
the control group in the same volume through the tail 
vein. ILE or NS were infused at a rate of 4 ml/min. Dose 
and infusion rate were based on a previous study (14).  

 
Evaluation of locomotor activity and stereotyped 
behavior 

The locomotors activity and stereotypical behavior 
of all animals were assessed in an open field at 0 
(before METH injection), 0.5, 1, 2, 4, 8 and 24 hr after 
METH administration. Briefly each rat was placed in the 
center of an open-field apparatus and its activity was 
recorded by digital video for 10 min. Motor activity was 
measured by the number of peripheral, central and 
total square crossings; freezing length and number of 
rearing. 

Stereo-typed behavior was rated using the scoring 
system of Sanberg  et al (15): asleep or stationary (0), 
active (1), predominantly active but with bursts (2), 
stereotyped activity such as sniffing along a fixed path 
in the cage (3), stereotyped sniffing or rearing 
maintained in one location (4), stereotyped behavior in 
one location with bursts of gnawing or licking (5). 
 

Body temperature and survivals 
The body temperatures of the rats in both control 

and experimental groups were assessed by rectal 
thermometer during the same intervals. The mortality 
rate was calculated for each group after 24 hrs of drug 
administration. 

 

Histopathological examination and TUNEL assay 
On the third day after drug administration, the brain 

and internal organs including the lung, kidney and 
pancreas of animals were removed after euthanasia 
and fixed by immersion in 10% buffered formalin. The 
tissues were then embedded into paraffin blocks and 
were cut at a thickness of 5 µm tissue sections. For the 
histopathological examination, sections were stained 
with hematoxylin and eosin. Paraffin embedded 
sections were also scored for apoptosis by terminal 
deoxynucleotidyl transferase-mediated dUTP nick end 
labeling (TUNEL). The assay was performed according 
to the manufacturer's instructions (Roche/ Germany). 
The total number of positive cells on ten fields in each 
section was counted. Cells with condensed dark nuclei 
and morphological apoptotic changes were scored as 
TUNEL positive (16). 

 
Statistical analysis 

All numerical results are reported as mean ± SEM. 
Unpaired T test was used to evaluate differences in the 
body temperature in two groups and two-way 
repeated-measures ANOVA for evaluating the 
differences among various times of intra-groups. Tukey 
post-hoc test was performed as posttest. Kruskal-Wallis 
ANOVA and Mann-Whitney testing were used for 
evaluating open-filed variables, stereotyping motions, 
histopathological findings and TUNEL results. Fisher 
exact tests were used to evaluate differences in 
mortality rate. The alpha level was set at 0.05. Data 
analysis was performed using SPSS Version 21. 
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Figure 1. Rectal temperature of rats received   methamphetamine 
(45mg/kg) plus intravenous lipid emulsion 20% (18.6 ml/kg). All 
data are expressed as mean±SEM, N=6. Comparison of data by 
values of zero time were analyzed by ANOVA, posttest=Tuky, N=6. 
# P<0.05, ## P<0.01 and$ (Not significant) compared to control 
group. Comparison means between groups were analyzed by non-
paired T test,* P<0.05 within-group comparisons 
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Results 
Body temperature and survivals 

ILE therapy for poisoning by METH in rats could 
protect them from death and all of them were alive at 
the time of the last evaluation. Nevertheless, only 50% 
of rats treated by METH+NS were survived (Mean 
survival time of METH+NS = 13±3.7 hrs and METH+ILE 
= 24± 0 hr, P<0.05). All METH-treated rats became 
hyperthermic after 30 min; however the mean rectal 
temperatures of ILE treated group returned to normal 
condition more quickly than the other  group (P<0.05) 
(Figure 1). 

 
Evaluation of locomotor activity and stereotyped 
behavior 

The mean time spends for freezing for each group is 
presented in Figure 2. METH in both groups 
significantly enhanced the freezing response until 2 hr 
after injection in comparison with zero time. In 
subsequent times, METH-induced freezing was 
significantly lessened by ILE compared with NS (P<0.01 
and P<0.05) and could reverse the effect to normal. 

 

 
 

Figure 2.  Effect of methamphetamine (45 mg/kg) administration plus 
intravenous lipid emulsion 20% (18.6 ml/kg ) or normal saline on 
freezing and rearing in rats during different time intervals (hr). All 
data were expressed as mean±SEM, N=6. Comparison of values of two 
groups with each other at each episode of time was analyzed by non-
paired T test, *P<0.05, ** P<0.01  

 
 
Figure 3. Effect of methamphetamine (45 mg/kg) administration 
plus intravenous lipid emulsion 20% (18.6 ml/kg) or normal 
saline on locomotor activity in rats at different time intervals (hr). 
Values are expressed as mean±SEM, N=6. Comparison of values of 
two groups with each other’s on each time was analyzed by non-
paired T test, * P<0.05, ** P<0.01 

 
METH administration also decreased the rearing 

responses during the first two hrs that was significantly 
increased in the next time interval in the ILE receiving 
group (P<0.01 and P<0.05) (Figure 2). 

The METH intoxicated rats lost the ability to cross 
the lines of open filed (Figure 3). However, rats that 
were exposed to the METH+ILE, especially during the 
last hrs of the experiment, crossed the central and 
peripheral squares significantly more than the other 
group (P<0.01) and returned to original condition 
(Figure 3). Indeed, the animals receiving METH 
engaged in vigorous stereotyped movements and ILE 
could reduce stereotyped behavior eight hrs after 
METH administration (P<0.05) (Figure 4).  
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Figure 4. Stereotyped behavioral response to methamphetamine 
(45 mg/kg) administration plus intravenous lipid emulsion 20% 
(18.6 ml/kg) or normal saline every 10-min interval during 24 hr. 
Data were reported by mean±SE, N=6. Comparison of values of 
two groups with each other’s on each time was analyzed by non-
paired T test, * P<0.05 

 

 
 
Figure 5. Light photomicrograph of hematoxylin and eosin–
stained sections in the lung tissue of rats that were exposed to 
methamphetamine (45 mg/kg) plus intravenous lipid emulsion 
20% (18.6 ml/kg) or normal saline. A) emphysema B) 
Bronchiolitist C) Interestitial Inflamation D) normal lung 
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Figure 6. Effect of methamphetamine (45 mg/kg) plus 
intravenous lipid emulsion 20% (18.6 ml/kg) or normal saline on 
histopatological changes in the lung tissue of rats after 3 days. 
Results are shown as the mean±SEM. *P<0.05 and **P<0.01 vs 
control group. Data were analyzed by 2 tests. N=6 

 

Histopathological examination and TUNEL assay 
H&E staining of rat lungs following METH exposure 

showed the presence of emphysematous changes in the 
lungs, bronchiolitis and interstitial inflammation 
sections (Figure 5).  

The frequency of these findings was significantly 
lower in the ILE-treated group in comparison with the 
control group (Figure 6). No pathologic findings were 
observed in other tissues. 

The TUNEL assays revealed an induction of 
apoptosis in lung and brain tissues in groups receiving 
METH (Figure 7). However the percentages of TUNEL 
positive cells in the brain was significantly decreased 
only in groups that received METH+ ILE , in comparison 
with the control group (P<0.05) (Figure 8). 

 

 
 

Figure 7. Immunohistochemical staining for TUNEL in the lung 
and brains tissue of rats that were exposed to methamphetamine 
(45 mg/kg) plus intravenous lipid emulsion 20% (18.6 ml/kg) or 
normal saline. The brain tissue from group received METH +NS 
(A), METH+ILE (B), and lung tissue from rats received METH +NS 
(C) and METH+ILE (D) 

 

 
 
Figure 8. Effect of methamphetamine (METH) (45 mg/kg) plus 
intravenous lipid emulsion 20% (ILE) (18.6 ml/kg) or normal 
saline on cells apoptosis in the lung and brain tissues as revealed 
by TUNEL assay. Values are presented as mean±SEM. P<0.05* 
compared to control group. $= Not significant 
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Discussion  
The first ILE use for overdose/poisoning was 

reported in 2006 in the management of acute local 
anesthetic toxicity (17), especially restoring cardiac and 
hemodynamic stability. Nowadays the resuscitative 
effects of ILE has been evaluated against several classes 
of drugs and xenobiotic such as beta blockers (18), 
calcium channel blockers (19), organophosphates (20), 
tricyclic antidepressants (21), antipsychotics (22), 
cocaine(23), and others. 

Although numerous mechanisms for ILE antidote 
activity have been suggested, the lipid sink 
(partitioning) theory is predominant.  Based on this 
theory, the intravenous administration of lipid 
emulsion at high doses creates a new lipid 
compartment in the blood which causes fat-soluble 
drugs to move away from the target receptors. 
Subsequently, the concentration of drug is reduced at 
the target site and reverse the intoxication (24). There 
is a positive relationship between the fat solubility of 
drug; based on octanol/water partition coefficient and 
the volume of distribution; and decreasing serum drug 
concentration treated by ILE (25). 

On the other hand, METH is a highly lipophilic drug 
with a volume distribution of 3.2-4.2 l/Kg and Log P 
(octanol/water) of 2.1 (26, 27). Thus it can cross the 
blood brain barrier more easily than other drugs (3).  
Therefore, ILE could redistribute METH from the action 
site, nervous system, and reverse intoxication in rats. 

The common manifestations of  METH overdose are 
as follows: agitation, shivering, dyspnea, hyperactivity, 
hyperpyrexia and tremor (4).  

Amphetamine administration to the rats can 
produce behavioral excitation including forward 
locomotion, exploratory behavior,  and different kinds 
of  stereotyped behavior (28)  . In this study, METH-
induced acute intoxication was associated with high 
frequency of stereotypical movements. The severity of 
intoxication and high frequency of stereotypical 
movements make animals unable to move normally. 
However, after one or two half-lives and diminishing of 
the severity of toxicity, the rats showed normal activity. 
The rats treated by ILE could return to normal behavior 
and body temperature faster than the control group.  

ILE could also reduce the mortality rate of METH 
significantly in comparison with the control group. A 
similar effect has been reported for many other drugs 
such as haloperidol, tramadol, propranolol, bupivacaine 
and cocaine (13, 22, 29, 30). In most reports, ILE has 
been shown to reverse cardiac and hemodynamic 
instability. 

Several studies confirm that ILE has also been able 
to reduce the complications or mortality induced by 
neurotoxic agents (13, 22, 31, 32). Unfortunately, we 
could not evaluate the cardiovascular manifestation of 
METH intoxication. 

There are some human case reports regarding the 
successful treatment by ILE of poisoning when multiple 

drugs are used simultaneously, such as cocaine and 
amphetamine. A 28-year-old man was admitted to the 
hospital complaining of convulsion, hemodynamic ins-
tability, tachycardia, supraventricular and ventricular 
arrhythmias, hyperthermia and loss of conciseness 
after overdosing on cocaine (33). When the standard 
treatment failed, he received an ILE infusion. After 15 
min, the patient’s cardiovascular condition was 
stabilized. Arora et al (23), in a similar case, successfully 
treated cocaine poisoning with ILE in a patient who did 
not respond to standard treatment for seizure and 
cardiac outcomes. Pre-treatment on cocaine toxicity 
with ILE could significantly reduce cocaine-induced 
mortality rate, cardiovascular collapse and blunted 
hypotension in rats. Cocaine is a similar drug, in terms 
of mechanism and toxicity, to amphetamines. Both of 
cocaine and amphetamine are CNS stimulant and have 
similar action mechanisms; however cocaine is more 
cardio-toxic than METH and METH is more neurotoxic 
than cocaine. These reports confirm our results. 

The use of ILE 70 min after an unsuccessful 
standard cardiopulmonary resuscitation in a 17-year-
old girl, who developed seizures and cardiovascular 
collapse after an intentional ingesting of an overdose of 
bupropion, lamotrigine and amphetamine, improved 
her cardiovascular status and her neurologic function 
(34). Recently a middle-aged man was admitted to the 
hospital because of swallowing an egg-sized portion of 
METH (35). The patient’s condition deteriorated 
shortly after admission with sympathomimetic 
poisoning and autonomic instability. He remained 
refractory to standard treatment, ILE at an amount of 
100 ml could reverse the symptoms of toxicity, 20 min 
after infusion. These reports corroborate our results. 

Our pathological finding showed that METH 
administration can cause bronchiolitis, emphysema and 
interstitial inflammation. Clinical studies have also 
revealed that METH intoxication induces acute lung 
injury, pulmonary edema and pulmonary congestion 
(36, 37). However, these pathological changes are more 
common in chronic abuse than acute. ILE infusion in 
this study could reduce METH-induced lung injuries. It 
should be mentioned that the administration of ILE at 
high doses can induce dose dependent pulmonary fat 
emboli (22). Acute respiratory distress syndrome 
(ARDS) has been reported as the most common 
pulmonary complication in resuscitated patients with 
ILE (38). Pulmonary complications associated with ILE 
infusion are related to lipid load and underling 
pulmonary disease (22). ILE infusion released a high 
concentration of free-fatty acids into the blood stream 
(39, 40) that can induce impaired endothelium-
dependent vasorelaxation and vasoconstriction (41). 
Pulmonary vasoconstriction and shunt have increased 
in patients with ARDS that received ILE infusion (42, 
43). However, these effects have not been reported in 
patients with normal lung function (43, 44). METH                
is also a known potent vasoconstrictor and co-
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administration of these two compounds, METH and ILE, 
in theory, may have synergic effect on lung 
complications. But in our research, ILE reduced the 
METH pulmonary inflammation and percentage of 
pulmonary cell apoptosis. A possible explanation for 
these results is the lipid sink theory.  

The percentage of brain cell apoptosis was reduced 
in the ILE-treated group in comparison with the control 
group. METH is a potent neurotoxin and induces 
neuronal apoptosis especially at high doses (45). ILE 
could also reduce this METH complication as well as 
hyperthermia. 

 
Conclusion 

ILE could reduce the severity of METH- induced 
toxicity and mortality rate of animals by lipid sink 
theory or direct effect. Although the possible adverse 
effects of ILE and interferences with other rescue 
treatments should be considered, intravenous infusion 
of lipid emulsion may save the life of patients with 
acute METH intoxication who do not respond to initial 
treatment. Further human and animal studies are 
needed to determine the exact indications and their 
possible mechanisms. 
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