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.Abstract  

Ketamine, a noncompetitive N-methyl-d-asparate (NMDA) receptor antagonist, has been widely used in clinical 

settings as an anesthetic agent. However, ketamine also causes delirium and hallucination, which lead to its 

recreational use and abuse. Here, we reviewed the trends in ketamine abuse and its side effects on health, including 

the research advances in epidemiology, toxicology and its addiction potential. Due to the lower cost, ketamine have 

become the most popular abused drug in Eastern Asia, especially in the young people. Ketamine cause damages in the 

peripheral system as well as central nervous system (CNS). Both symptoms in the lower urinary tract such as cystitis 

and cardiac pathology have been noted. In the CNS, chronic ketamine causes neurodegeneration pathology as 

demonstrated in animal’s studies. Several reports on the ketamine dependence in human cases and animals as well, 

which indicate the addiction potential of ketamine. To devise therapeutic approaches for ketamine abusers, future 

studies focusing on understanding the changes in the CNS during the formation ketamine dependence are desired.  
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Introduction  

     Ketamine was developed in 1960s and initially known 
as Ci-581. After synthesis, it was introduced into medical 
use as a new dissociative anaesthetic [1]. Ketamine 
induced a state of dissociative anaesthesia by cutting off 

the connections between thalamic function and the limbic 
system. In the beginning, ketamine was thought to be a 
safer substitution of phencyclidine (PCP), which was 
developed as an anesthetic agent before 1960s but was 
not approved for clinical use. Ketamine had a short 
duration of action and its half-life in the liver was 2.5-3 
hours [2], whereas PCP was more stable in human body 
with a longer half-life of 7-46 hours and it thus had many 
side effects, such as hallucinogenic and neurotoxic effects. 
Besides, ketamine showed less suppression effects on 
breathing and fewer propensities to produce convulsions 
than other anaesthetics. Ketamine received FDA approval 
in human in 1971. In 1970s, ketamine was first used in 
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soldiers in the Vietnam War and today it remains an 
alternative choice in pediatrics and veterinary medicine. 
In medical settings, ketamine was given through 
intravenous or intramuscular injection and the 
anaesthetic dosages of ketamine varied from 2 to 
100mg/kg in different species. In mice, ketamine (80-100 
mg/kg) and xylazine (15 mg/kg) was a common 
combination to induce anaesthesia [3]. In human, it was 
used in pediatric anesthesia, emergency medicine and 
local anaesthesia. The intravenous dose for anesthesia 
was 1 to 2 mg/kg whereas the intramuscular dose was 2 
to 4 mg/kg. Anaesthesia started at 1 minute following 
ketamine injection and lasted for 5-10 minutes [4]. In 
emergency medicine such as burn patients, ketamine was 
regarded as the first choice for anesthesia and it was used 
intravenously at low dosage to relief from pain [5]. 
 

Ketamine and abuse 

     Since 1970s, the side effects of ketamine had been 
increasingly recognized [6-8]. Psychologically, acute use 
of ketamine caused hallucination, symptoms of psychosis, 
delusion, agitation, confusion, and memory impairment 
[9]. Besides, many side effects, such as nausea and 
vomiting, bizarre dreams, were reported. These side 
effects have been documented in a dose-dependent 
fashion and some of them persisted for several days after 
administration. For example, recurrent of hallucinations 
appeared even 5 days after ketamine anaesthesia in a 
young boy [10]. After low doses of use, abusers had a mild 
feeling of floating outside their body. Following heavy 
ketamine use, abusers experienced a near death feeling, 
which was also known as “K hole” and “out of body” 
experiences. These stimulating effects of ketamine made 
it a popular recreational drug and were repeatedly used 
in at night clubs, dance parties, and rave scenes by the 
young people. In these locations, ketamine was sold 
illicitly either as white powder, pills or liquid, which 
known as the names of “Special K”, “Vitamin K” or 
“SuperK” [11]. Abusers took this drug by snorting (15-200 
mg), orally (75-300 mg) or injected intramuscularly (25-
125 mg) [12].  
 
     Since a few reports on non-medical use of ketamine in 
1990s [13], abuse of ketamine has increased rapidly in 
many countries and areas, particularly in East and South-
East Asia. Ketamine’s growth in popularity was thought to 
be because of its low price. During 2007 to 2009, the 
average price of ketamine was about HK$144 per pure 
gram in Hong Kong, which was cheaper than other drugs 
such as the main component of ecstasy 
methamphetamine. In Hong Kong, abuse of ketamine has 

been well documented by the Central Registry of Drug 
Abuse (CRDA) and the Central Registry of Drug Abuse 
Report (CRDAR) was released yearly. According to the 
CRDAR, the number of ketamine users in 2008 had 
doubled compared with that in 2004. Since 2008, 
ketamine has been the second-most popular abusive drug 
except heroin in Hong Kong. In 2011, it was reported that 
31.5% of abused drugs was ketamine. In the newly 
reported drug abusers, ketamine accounted for about 
60% in all reported drugs. Especially in the group of 
addicts aged under 21, ketamine dominated the abused 
drugs and accounted for more than 80% in all reported 
drugs [14]. In the United Kingdom, the recent data 
indicated that ketamine abusers increased from 85, 000 in 
2006/07 to 113,000 in 2008/09. Around 4.0% of the 
population had used ketamine during their lifetime and 
ketamine abuse affected 1.7% of the population in 
2009/10 [15]. Ketamine use related deaths were also 
reported in the UK and the number increased 10-folds 
from 1999 to 2008 [16]. In northern Italy, an 
investigation of 2015 subjects at musical events and raves 
found that 7% people had used ketamine [17]. In Canada, 
the prevalence of ketamine abuse was estimated as 2.2% 
in 2009. In Australia, 1% Australians at 14 years of age or 
older had used ketamine [18]. Ketamine abuse was also 
reported in Taiwan [19-20] and the United States [21].  
 

Pharmacological effects of ketamine 

     After intravenous administration, most of ketamine 
accumulated in the central nervous system (CNS) through 
the systemic circulation with a 6.5:1 brain-to-plasma ratio 
in rats [22]. Although increasing data has demonstrated 
ketamine interacted with other neurotransmitter 
receptors, ketamine is mostly known for a 
noncompetitive antagonist of a glutamate receptor, the N-
Methyl-D- aspartate (NMDA) receptor. As a derivate of 
PCP, ketamine showed similar pharmacological effects 
with its predecessor. It can uncompetitively block NMDA 
receptor through binding on its PCP site and closed the 
ion channel to inhibit NMDA receptor mediated calcium 
ion influx [23]. Following ketamine administration, 
blockade of NMDA receptor was found in the brain as well 
as the spinal cord [24]. Besides the glutamate receptor, 
ketamine was known to interact with opioid receptors in 
vitro and in vivo [25-26]. In human neuroblastoma SH-
SY5Y cells, it was found that ketamine interacted with 
μ(2) opioid receptors at clinically relevant concentration 
but no direct agonist activity on this receptor was 
observed [27]. Recent study showed that ketamine 
enhanced effects of opioid induced ERK1/2 signaling 
pathways and increased the effectiveness as well as the 
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duration of opiate-induced analgesia [28]. On top of this, 
ketamine also acted on cholinergic receptors. Durieux and 
colleagues [29] reported that keatmine inhibited 
muscarinic acetylcholine receptors and showed 
anticholinergic clinical effects. Ketamine interacted with 
nicotinic acetylcholine receptors at closed state [30]. 
Ketamine also potentiate gamma-aminobutyric acid type 
A (GABAA) receptors, which form the major inhibitory 
neurotransmission in the CNS. Irifune and colleagues [30] 
reported that ketamine had GABAA receptors agonistic 
properties and ketamine-induced anesthesia could be 
partly mediated by GABAA receptors. In in vitro studies, 
ketamine at anesthetically relevant concentrations 
modulated alpha 6 containing GABAA receptors, which 
was mainly distributed in the cerebellum granular 
neurons. At higher concentrations, ketamine directly 
activated the receptors and induced an inward chloride 
ion current. These actions of ketamine caused 
hyperpolarization of the membrane thus inhibited the 
firing of action potentials [31-32].  
 

Toxic effects of ketamine on peripheral 
system 

     Toxicity of ketamine on the urinary system had been 
demonstrated in the kidney and urinary bladder. 
Infiltrations of mononuclear white cells were observed 
following 1 month of ketamine treatment in kidney. 
Mononuclear infiltration were demonstrated near to 
glomeruli, blood vessels forming perivascular cuffing [33]. 
Lower urinary tract symptoms in ketamine abusers were 
first reported in 2007 [34-35]. Chu and colleagues 
reported 10 patients, who had been taking ketamine for 1 
to 4 years, presented to the hospital with urinary tract 
symptoms [34]. The main symptoms were dysuria, 
frequency, urgency, incontinence, pain, gross hematuria 
and decreased bladder capacity. Cystoscopy and bladder 
biopsy showed inflammation and vascular congestion on 
the bladder wall that was similar with cystitis. Shahani 
and colleagues reported 9 daily ketamine users presented 
with similar symptoms [35]. Cystoscopy showed that all 
the patients had severe ulcerative cystitis. Biopsies of 4 
cases also revealed inflammation with eosinophilic 
infiltration and epithelial denudation. A larger scale 
survey revealed that the incidence of lower urinary tract 
symptoms in ketamine abusers was about 30% (29 of 97) 
[36]. More severely, a recent review of 96 cases showed 
that even 92 % of chronic ketamine users have some 
features of cystitis [37]. Severity of symptoms was 
associated with chronicity because slight symptoms 
started after 1 month of ketamine use while it developed 
more severe and obvious after 1 year use [38]. So far no 

effective medicinal treatment for these symptoms is 
available but the symptoms sometimes reduced or 
relieved after acquittal of the drug [34]. As ketamine and 
its metabolites norketamine were detected in urine, 
Howard proposed that these toxic components in urine 
caused damage to the epithelium layer and 
microvasculature through direct contact [39]. Histological 
examination on bladders in animal studies showed loss of 
muscle proportion and increase of connective tissue in 
the bladder [40], which confirmed that ketamine may also 
cause damage in the deep layers of the bladder wall.  
 
     Cardiotoxicity of ketamine has already been 
demonstrated. Following ketamine use, increased heart 
rate and the pulmonary venous pressure were observed 
in mice and human as well [41-42]. Long-term ketamine 
treated mice showed abnormal electrocardiogram with 
increased incidence of ST-segment elevation, especially in 
the prolonged (6 months) treated groups. Abnormal 
cardiovascular functions were further confirmed by 
histopathological changes in the heart muscle cells. For 
example, there were increased LDH reactive cells and 
degenerative changes such as vesiculation and lysis of 
cytoplasm in the cardiac cells of ketamine treated mice. 
Serum troponin levels, indications of cardiac failure and 
circulatory collapse, were largely increased in ketamine 
treated mice [43]. Interestingly, withdrawal from 
ketamine could partially reduced toxicity on the heart and 
kidney as well, while environmental enrichment during 
the period of abstinence greatly promoted the recovery 
[44]. 
 
     Toxic effects of ketamine on liver and intestinal were 
also found. Sixteen weeks of ketamine treatment caused 
obvious damages to the liver. There were increased 
glutamic oxaloacetic transaminase, lactate 
dehydrogenase, and proliferative nuclear antigen in the 
liver. Fibrosis and fatty degeneration of liver cells were 
also observed in mice [45]. As well, chronic ketamine 
administration decreased proliferative cell nuclear 
antigen in the mucosa of the intestines, apoptosis or 
necrosis were observed in these cells [46]. 
 

Effects of ketamine on the CNS  

     Previous studies also reported some adverse effects of 
ketamine on the CNS. Dundee and colleagues reported 
that increased postoperative serum enzymes levels were 
found in patients anaesthetised with ketamine infusions 
[47], which was similar to that happened in toxic 
hepatitis. Besides, a lot of studies had focused on the 
possible toxic effects of ketamine in neonatal animals due 
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to its widely use in pediatrics. During a particular 
developmental period (between 16-21 days old), 
exposure to combination of ketamine and xylazine 
induced corneal lesions in rats [48]. Ikonomidou and 
colleagues first reported that repeated doses ketamine 
and other NMDA receptor antagonists increased 
widespread neuronal apoptosis in the brain of 7-day-old 
rats [49]. Neurotoxic effects of ketamine on the 
developing CNS were further confirmed in the following 
studies in mice and monkeys [50-52]. The apoptogenic 
actions of ketamine were also observed in monkeys at 
both fetal and neonatal age. Ketamine exposure caused 
apoptosis of neurons were more obvious in fetuses than 
in neonates [53]. Although the immediately toxic effects of 
ketamine on the developing CNS were pronounced, the 
follow-up study did not find any associated adverse 
neurodevelopmental outcome and abnormal neurological 
or behavioral performance in early childhood [54-55].  
  
     The growing ketamine abuse raised concerns about its 
long-term adverse effects in adults. Frequent and chronic 
recreational use of ketamine tended to impair cognition. 
NMDA receptors played a vital role in mechanisms of 
long-term potentiation (LTP), which was believed to be a 
fundamental key facilitating synaptic plasticity and 
memory formation [56]. As a non-competitive NMDA 
receptor antagonist, the most notable effects of ketamine 
were on the learning and memory. Acute doses of 
ketamine caused impairments of working memory and 
cognitive function, through affecting recollective 
processes involved in retrieval and initial encoding of 
information [57-58]. Chronic use of ketamine led to 
aparent impairments on these functions [59]. On top of 
this, long-term of ketamine may lower motor acitivity. In 
habitual ketamine users, cerebellar activities were 
significantly downregulated when they were performing 
simple motor function tasks. In particular, alcohol 
enhanced ketamine induced the down regulation in 
cerebellum as ketamine users who drank alcohol before 
the test showed even less activated volume in the 
cerebella. Histological examination showed loss of 
purkinje cells and increased cell apoptosis in the 
cerebellum of the mice chronic treated ketamine and 
ketamine plus alcohol [60]. After 3 and 6 months 
ketamine administration, hyperphosphorylated tau 
proteins were significant increased in the prefrontal and 
entorhinal cortices of mice and monkeys brains. 
Furthermore, about 15% of hyperphosphorylated tau 
positive cells showed apoptosis as showed by terminal 
dUTP nick end labeling (TUNEL) staining [61]. These 
changes were regarded as ketamine induced 
neurodegeneration as hyperphosphorylated tau and 

apoptosis are the common characteristics in the brains of 
patients suffering from neurodegenerative diseases. 
These neurodegenerative changes may partly contribute 
to ketamine caused cognitive impairments. A large scaled 
screen of gene expression changes in the CNS following 
prolonged ketamine use in mice showed that GABAA 
receptors, which mediated the inhibitory 
neurotransmission, could also played roles in cognitive 
impairment induced by ketamine [62]. 
 
     In recent years, many cases reports on prolonged 
ketamine abuse in human have been published, which 
raised the concern whether chronic use of ketamine 
would cause dependence and addiction [63-65]. In 
human, it was ported that the abuse of ketamine may last 
several years, while abstinence of ketamine cause anxiety 
like behaviors and sleep disorders [66-67]. Indeed, 
repeated administration of ketamine induced conditioned 
place preference in rats, which implicated the potential of 
addiction for ketamine [68]. Chronic ketamine use caused 
anxiety like behaviors in mice as demonstrated by the 
elevated plus maze test and the expression of drug 
dependence related genes were differentially expressed 
[69]. Although the mechanism is not well known, 
ketamene activated the dopaminergic pathway, the 
rewarding system in the CNS, which may be critical in the 
formation of dependence [70]. Huang and colleagues 
reported that blockade of GSK-3β decreased ketamine 
self-administration and reduced drug-seeking behavior 
after abstinence [71], which provided the potential target 
for treating ketamine addiction. 
 

Conclusion 

     Recreational use and abuse of ketamine, an NMDA 
receptor antagonist, has been increased rapidly. Abuse of 
ketamine raised concern about its side effects on human 
health. Indeed, toxic effects were noted in the peripheral 
system and the CNS. Symptoms in the lower urinary tract 
such as cystitis and cardiac pathology have been noted 
following prolonged ketamine use. In addition, ketamine 
dependence in human cases and animals studies pointed 
out its addiction potential. Future studies focused on 
better understanding of changes in the CNS during 
ketamine dependence are needed to devise therapeutic 
approaches for ketamine abusers.  
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