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ABSTRACT 

Background: Ketamine is an anesthetic compound that has recreational use and can 

cause heart-related toxicity, different psychiatric disorder, and even death. 

Nevertheless, the management of ketamine overdose is not yet perfect. Hence, the 

discovery or identification of compounds that can manage ketamine overdose is 

essential. Ketamine can induce schizophrenia and lurasidone can treat schizophrenia, 

on its basis, the present study was aimed to determine if lurasidone can alter ketamine-

induced death and/or reduce recovery time from ketamine-induced anesthesia.  

Methods: Mice were initially injected with 50 mg/kg, 100mg/kg, 150mg/kg, and 

200mg/kg i.p. ketamine for toxicity test, and any death was recorded. Based on the 

toxicity study, the lethal dose was determined (150mg/kg b.w.) and further 

administered intra-peritoneally to fresh mice groups followed by treatment with 

0.5mg/kg, 1mg/kg, 2mg/kg lurasidone. Afterward, survival rate and recovery time 

were recorded.   

Results: Control (only ketamine) treated mice group showed only 20% survival, 

whereas all three doses of lurasidone were able to keep all of the mice alive. However, 

no significant difference was found between the applied doses of lurasidone. In 

addition, all three doses of lurasidone minimized recovery time compared to control 

in a dose-dependent manner. The fastest recovery time recorded was 54 minutes by 2 

mg/kg of lurasidone-pretreated mice. 

Conclusion: Although lurasidone was able to reduce ketamine-induced mortality rate 

and recovery time, the mechanism of lurasidone by which it exhibits recovery against 

ketamine is yet to be explored. 
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Significance Statement: The study obtained three new findings; first, the lethal dose of ketamine is 150mg/kg for mice; 

second, lurasidone 0.5/1/2 mg/kg can prevent the lethality of ketamine; third, the recovery time of ketamine-induced 

anesthesia is associated with the dose of lurasidone. Hence, the study shall be further useful in designing the safe dose line 

for ketamine-based investigations and in its management at overdose. 
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INTRODUCTION 

In 1964, ketamine was introduced as an anesthetic 

medicine [1]. It was heavily used for war injuries [2]. Still, 

ketamine is a preferred choice of drug for anesthetic 

medication. However, recent studies suggest its potential 

for being an antidepressant medicine [3]. Ketamine exerts 

its anti-depressive activity through an increase in 

glutamate level in synaptic cleft [4]. Furthermore, 

ketamine is used in mice models to induce schizophrenia 

[5]. Nevertheless, ketamine also increases dopamine level 

in brain which makes it a recreational drug that can cause 

addiction and is prone to be abused [6]. Ketamine toxicity 

includes effects like hypertension, tachycardia, 

hallucination in lower doses and in higher doses it can 

induce respiratory depression, hypotension, coma or 

even death [7]. In 2016 around 30 people died in UK alone 

by ketamine overdose/recreational use and the number 

of death per annum is raising every year in UK [8]. In 

addition, China, New York, Australia had reported death 

by ketamine abuse in different years [9]. Nonetheless, 

currently, FDA guideline does not have any approved 

medicine for the management of ketamine overdose, yet 

charcoal for oral overdose and some sedatives such as 

lorazepam and butyrophenones like haloperidol are 

given to reduce agitation, hypertension, etc [10]. 

Lurasidone is an antipsychotic drug that is used to treat 

depression in bipolar disorder and schizophrenia [11]. 

The mechanism of action of lurasidone is not fully 

established but it is assumed that lurasidone blocks the 

binding of dopamine in D2 receptor and serotonin in 5-

HT2A and 5-HT7 receptors [12]. 

Till date, the effect of lurasidone on ketamine is not much 

studied, few studies are done regarding their co-use such 

as effect of lurasidone to improve depression of ketamine 

is studied [13]. Yet, no study is conducted to evaluate 

lurasidone’s effect on reducing ketamine high dose-

induced death or toxicity. Thus, this study aims to 

evaluate lurasidone’s ability to alter morbidity and 

mortality due to ketamine i.p higher dose and its ability to 

minimize the recovery time from the induced-immobility.  

METHODS 

Drugs and Chemicals 

Ketamine was obtained from Popular Pharmaceuticals 

Ltd. (Bangladesh) in injection form at the concentration of 

50mg/ml. On the other hand, lurasidone was obtained 

from Square Pharmaceuticals Ltd. (Bangladesh) in tablet 

form where the dose was 20mg per tablet. 0.9% NaCl 

solution was obtained from Opsonin Pharmaceuticals Ltd. 

(Bangladesh). 

Experimental Animal 

Swiss albino mice of 45 days of age and 25-30g of body 

weight were selected for the experiments. The animals 

were exposed to 12h light/dark cycle and proper air 

ventilation along with ambient temperature. The animals 

were provided with sufficient water and ad libitum food 

and kept at animal house of Institute for Pharmaceutical 

Skill Development and Research, Bangladesh.  

Experimental Design 

For initial toxicity study we divided mice into four groups, 

each containing 15 mice. The groups included blank 

(0.9% saline water) and ketamine 50, 100, 150 and 200 

mg/kg of body weight, received through i.p route.  

Fresh sets of mice were again tested with Lurasidone-pre-

treatment against ketamine and observed for both 

survival and recovery. The test mice were divided into 5 

groups, each containing 10 mice. Lurasidone was given 

orally at 0.5/1/2mg/kg concentration and after 30 

minutes ketamine was administered intraperitoneally at 

100mg/kg concentration except for the Blank group. The 

groups followed following treatment regimens: 

Group 1: Blank (Only i.p saline water), Group 2: Control 

(ketamine 150mg/kg i.p.), Group 3: lurasidone (0.5mg/kg 

p.o.) + ketamine (150mg/kg i.p.), Group 4: lurasidone (1 

mg/kg p.o.) + ketamine (150mg/kg i.p.), Group 5: 

lurasidone (2 mg/kg p.o.) + ketamine (150mg/kg i.p.). 

Observational Parameters 

Upon intraperitoneal administration of ketamine, mice 

were kept under continuous observation to monitor any 

death. In addition, their recovery time from immobile to 

mobile state was also observed and recorded. Here, the 

recovery time has been defined as the duration from full 

loss of consciousness and activity (immobility) to the time 

point of regaining it (mobility). A duration of 120 min was 

considered as a cut-off observation period for recovery. 

Statistical Analysis 

Two-way ANOVA was done for statistical analysis of 

recovery time experiment and Dunnett’s multiple 

comparison test was performed in GraphPad Prism 8. The 

results of recovery time were compared with the control 

group to check statistical significance. P values <0.05, 0.01 

and 0.001 were considered as statistically significant 

denoted by *, ** and *** respectively.  
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RESULTS 

Acute Toxicity Test 

Acute toxicity test was performed to determine the lethal 

dose of ketamine. The data of survival rate for different 

doses of ketamine is illustrated in Figure 1 where it can 

be noted that mice from the group of blank, 50 mg/kg and 

100mg/kg showed no death. Nevertheless, mice treated 

with ketamine (150mg/kg) showed only 20% survival 

rate. Hence, 150 mg/kg was considered as the lethal dose 

of ketamine for mice and the same dose was selected 

further for the studies of survival and recovery time. 
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Figure 1. Survival rate of mice after injecting ketamine at toxic doses. 

Data presented as the percentage based on the counts of survived mice among 15 population in each group after injecting ketamine 

in various doses.  

Survival Rate 

The data of survival rate is illustrated in Figure 2 where it 

was noted that blank group of mice caused no death due 

to the treatment of normal saline. However, when mice 

were treated with ketamine (150mg/kg), only 20% mice 

survived. On the contrary, the pretreatment of lurasidone 

at 0.5/1/2mg/kg, retained the survival rate to 100%. 

Recovery Time 

The data in Figure 3 demonstrates that lurasidone holds 

a dose dependent relationship with recovery time from 

ketamine induced anesthesia. Among the survived 

population (20%), it took around 119.4 minutes to 

recover from immobility. However, lurasidone-

pretreated mice were found with reduced recovery time 

in a linear ratio. At 0.5 mg/kg, lurasidone treated mice 

recovered within 66.6 minutes and at 1 mg/kg, 

lurasidone-treated mice took 60.2 minutes to recover. In 

addition, 2 mg/kg lurasidone-treated mice recovered 

within 54 minutes. 

DISCUSSION 

Ketamine, chemically known as 2-(2-chlorophenyl)-2-

(methylamino) cyclohexanone is often denoted as K or 

special K. Ketamine non-selectively blocks a glutamate 

receptor N-methyl-D-aspartate (NMDA) to produce 

anesthesia and analgesic effect. Additionally, it can 

weakly stimulate opioid receptors and calcium channels, 

increases neurotransmitters like dopamine, serotonin 

etc., antagonizes muscarinic, nicotinic acetylcholine 

receptors, GABA (gamma aminobutyric acid) receptors 

and sodium and potassium channels [14-18]. Ketamine 

high dose can be lethal which was also found in this study. 

Ketamine 150mg/kg concentration proved to be lethal for 

80% of control group whereas all mice of blank group 

survived. However, pretreating mice with lurasidone 

(0.5/1/2 mg/kg) inhibited the death. The cause of death 

could be sudden cardiac arrest or respiratory depression 

or coma [7]. The causes are yet unknown however, many 

reported hypertension as an attributor [19]. 

Nevertheless, anti-hypertensive drug, anti-arrhythmic 

and bronchodilator need to be given in different groups 

without giving lurasidone in further study to assess the 

actual cause of death in mice.  

Lurasidone usually antagonizes serotonin and dopamine 

receptor whereas ketamine increases their function 

indirectly [20]. However, lurasidone was found to reduce 

hypotension and sedation which could have attributed to 

the survival if the cause of death is hypotension or coma 

[12]. Another hypothesis from the finding could be drawn 

that if the cause of death was hypertension/ tachycardia 

then lurasidone might have interacted with calcium 

channel and or sodium and or potassium channel. Thus, 

further studies are recommended to explore the 

mechanism behind lurasidone’s potential on survival as 

well as how ketamine overdose induces death. However, 

the present finding that lurasidone can protect against 

death caused by ketamine, can be useful upon further  
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Figure 2: Survival rate of lurasidone-treated mice after injecting lethal dose of ketamine. 

Data presented as the percentage based on the counts of survived mice among 10 population in each group after injecting ketamine 

in various doses.  
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Figure 3: Recovery time of lurasidone-treated mice after injecting lethal dose of ketamine. 

Data illustrated as mean ± SEM, (n=10); *** = p <0.001; Dunnett’s multiple comparison test was performed, where only ketamine 

treated mice group served as control and all other groups were compared against the control. 

investigation to treat emergency patient of ketamine 

abuse or overdose to reduce mortality rate.  

Furthermore, it can be concluded that lurasidone reduced 

ketamine intoxication time in a dose dependent manner. 

Therefore, lurasidone can be used as an antitoxin in case 

of accidental overdose in anesthesia or in any other 

relevant purpose which can be confirmed upon further 

studies. 

CONCLUSION 

Although ketamine and lurasidone do not share pathways 

or same receptor target in terms of their mechanism of 

action according to current available information. The 

present study was able to indicate their possible 

pharmacotherapeutic relationship. The results suggested 

that lurasidone gives protection against death caused by 

ketamine overdose and decreases the intoxication time in 

a dose dependant manner. Nevertheless, further studies 

are needed to discover how lurasidone blocks or reverses 

activities of ketamine. 
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