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Ketamine has become a popular drug of abuse in
many countries. In China ketamine was the third most
abused drug just after heroin and methamphetamine.
Illegal ketamine use cause severe mental and physical
impairments. To control the illegal use of ketamine attracts much attention from governments and researchers. Because ketamine can induce psychiatric symptoms,
ketamine was proposed to be a pharmacological model to
mimic schizophrenia and ketamine was also identified to
have fast antidepressant effects in treatment of depression.
All of these facets of ketamine make it an intriguing target
both in psychiatry and neuroscience field. Ketamine’s history, ketamine abuse epidemiology, pharmacology, ketamine related symptoms and ketamine related biological
changes were reviewed in this chapter.
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Ketamine, a derivative of phencyclidine (PCP), was
first synthesized in 1962 by the American chemist Calvin
L. Stevens. A few years later, following the federal government’s approval of ketamine for human use in 1970,
ketamine anesthesia was first given to American soldiers
during the Vietnam War [1]. Ketamine is also used widely
in veterinary medicine or battlefield as an anesthetic in
developing nations [2]. Ketamine is on the World Health
Organization’s List of Essential Medicines, which as the
most important medications needed in a basic health system. Its hydrochloride salt is sold as Ketanest, Ketaset, and
www.avidscience.com
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Ketalar. Ketamine’s hallucinogenic effects eventually made
it a popular psychedelic in 1970. Its illicit use as a recreational drug of abuse was documented in the early 1970s
in underground literature (e.g. The Fabulous Furry Freak
Brothers). The drug was used in psychiatric and other
academic research through the 1970s. Extraordinary phenomenology of ketamine intoxication was documented by
John Lilly and Marcia Moore et al in 1978.

Ketamine use Epidemiology
Ketamine use as a short acting, dissociative anesthetic
in surgery began some years later in 1970. But even before
its use in the medical community, observers had noted its
non-medical use in the late 1960s. From the mid 1980s
onwards, the recreational use of ketamine along with ecstasy gained popularity among young person has since
spread to Europe, Canada, Asia, and Australia. Ketamine’s
rise in the dance culture was most rapid in Hong Kong by
the end of the 1990s [3], and is the most popular recreational drug in Taiwan in youths [4]. In China, ketamine
has become the third most common drug abused, there
has been 190,000 registered ketmine abusers in 2013 [5].
Data from United Nations show that most global ketamine abusers are distributed mainly in China. Outside of
Asia, the prevalence of ketamine use among “club drug”
users increased from 25% to 40% in the United Kingdom
from 1999 to 2003 [6].
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Ketamine users are majorly men and tend to be young,
and this phenomenon consistent with the profile of other
substance abusers. Statistics from the fifty-ninth issue in a
series of Central Registry of Drug Abuse (CRDA) Reports
show that the number of ketamine users in Hong Kong
has increased from 36.9% of young drug users under the
age of 21 in 2000 to 84.3% in 2009. Since young users are
more likely to inject ketamine intravenously therefore
result in higher incidence of comorbid hepatitis C infection [7,8]. Illicit ketamine use is of great concern to many.
Consequently, in 2004, ketamine was classified as a psychotropic substance in Schedule I in China (F.D.A., 2004).
In Hong Kong ketamine is regulated under Schedule 1
of Hong Kong Chapter 134 Dangerous Drugs Ordinance
in 2000. And that ketamine can only be used legally by
health professionals, for university research purposes, or
with a physician’s prescription in Hong Kong.
Ketamine has over the past few years been thought of
as a ‘club drug’ at nightclubs and “raves”. Ketamine first
appeared in the gay dance scene during the early 1990s
in the UK. In the dance scene setting, ketamine is sold in
either powdered or capsules and liquid form, where it can
be bought over the counter in the marketable content [9].
Due to the complexity of its chemical synthesis, ketamine
sold illicitly comes from diverted or theft of licit medical
sources, primarily from veterinary clinics. Recreational
use of ketamine mainly at home, dance hall, night club
and hotel [10]. Ketamine is usually injected intravenously
www.avidscience.com
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or intramuscularly [11], but it is also effective when insufflated, smoked, or taken orally [12].

Pharmacology (Pharmacodynamics,
Pharmacokinetics and Side Effects)
The main pharmacological action of ketamine is as a
non-competitive antagonist of the N-methyl-daspartate
(NMDA) receptor [13]. Ketamine has central excitatory
and inhibitory effects, as well as anti-anxiety, narcotic, hallucinogenic and generally psychotomimetic effects. Lowdose ketamine is effective in the treatment of complex
regional pain syndrome (CRPS) [14,15], and especially
involving in the treatment of neuropathic pain syndromes
[16]. In medical settings, ketamine is used as an anesthetic, because it suppresses breathing much less than most
other available anesthetics [17]. Ketamine is still used as a
bronchodilator in the treatment of severe asthma for children [18]. In addition, it has been found that a single subanesthetic dose of intravenous ketamine has rapid-acting
antidepressive effects in patients with depression [19,20].
The active enantiomer of ketamine is S (+)-ketamine.
Ketamine is mostly metabolized into norketamine (80%).
This metabolism does not simply involve the liver [21],
the site of significant metabolism include: the kidneys, the
intestine, and the lungs in animals [22]. Ketamine elimination half-life is 2–3 h. Its clearance may be 20% higher
in women than in men [23].
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When used in medicine ketamine is generally safe
when administered by trained medical professionals [24].
Thus, the psychotropic side effects are less obvious, but the
higher doses required can lead to disorienting side effects
[25]. There are known side effects that include: arrhythmia, high blood pressure or low blood pressure in cardiovascular system; increased intracranial pressure (ICP)
[26]. In addition, there are anaphylaxis (transient erythema, morbilliform rash), dependence, emergence reaction.

Dependence and Withdrawal
Symptoms
Ketamine is similar to other drugs linked with dependence including stimulants, opiates, alcohol, and cannabis. A common characteristic of ketamine dependence
is that a short period of time of repeated overuse cause of
the user indulging in the drug. A study in mice reported
that acute and chronic ketamine administration significantly enhanced dopamine release, and chronic ketamine
injection increasing dopamine receptor 1 and 2 gene expression [27]. It has been implied that the dopamine reward pathway may play an important role in developing
ketamine dependence.
Thus far, little is known about ketamine withdrawal
symptoms in humans. Few studies of withdrawal symptoms in ketamine addiction have been done. The most
recent study reported that increased immobility during
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force swimming test (FST) of mice persisted for 10 days
after withdrawing ketamine [28]. A few case studies also
show craving and somatic and psychological aspects of
anxiety as withdrawal symptoms [29-31]. However, a specific ketamine withdrawal syndrome has not yet been described.

Psychodysleptic Effects
Acute use of ketamine produces a dissociative state,
disturbances of the visual and auditory, body image, time
perceptions and mood. These disturbances characterised
by a sense of detachment from one’s physical body and
derealization, of floating, or depersonalization, conscious
dreams, or hallucinations [32,33]. Ketamine is very shortacting dissociatives comparing with phencyclidine (PCP)
and dextromethorphan (DXM). It takes effect within
about 10 minutes [34], while its hallucinogenic effects
last 60 minutes or less, but following initial use, the user’s
senses, judgment, and coordination may be affected for
up to 24 hours. In healthy volunteers, a linear dose-effect
relationship between the progressive effects and ketamine
concentration (concentrations between 50 and 200ng/ml)
was demonstrated [35]. More severe effects (anxiety and
paranoid feelings) appear around 500ng/ml [36]. At sufficiently high doses ketamine can lead to acute delirium
with visual and auditory hallucinations. Ketamine is also
commonly abused with other drugs to enhance their effects.
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Ketamine Induced Psychosis
Ketamine provokes distinctive pathopsychological
symptoms in humans and rodents which have showed
some similarities with those observed in schizophrenia
patients [37,38]. Ketamine has thus been widely investigated as a potential pharmacological model to test the
hypoglutamatergic function hypothesis for schizophrenia
[39-41]. A single intravenous dose of ketamine infusion
in healthy volunteers induces acute psychotic symptoms,
and produces not only positive but also negative symptoms, as well as impairment of memory [39,42]. Morgan et
al. found that frequent ketamine users exhibit delusional
ideation which were persisted for up to one year and that
delusions persisted even when ketamine was discontinued
[43]. However, there is no evidence of persistent psychosis
in a low dose, short-term ketamine administration [44].
In addition to perceptual changes and delusions, ketamine also causes prominent emotional blunting, anhedonia and social withdrawal. Ketamine may induce negative
symptoms through direct inhibition of the NMDA receptor [45]. Ke et al. measured the psychotic symptom dimensions of ketamine users (acute and chronic) using the Positive and Negative Syndrome Scale (PANSS) comparing
to schizophrenia patients (early and chronic stages). They
found the items in negative factor (six common symptoms
were: blunted affect, emotional withdrawal, poor rapport,
passive/apathetic social withdrawal, lack of spontaneity
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& flow of conversation and motor retardation) were most
consistent across the four groups [46].
Even though studies on ketamine-induced psychosis
are burgeoning, little is known about the underlying molecular mechanisms responsible for ketamine-associated
psychosis. There was emerging evidence that the glutamate neuronal transmitters system was evolved in the
pathogenesis in ketamine psychosis. Here, clarifing genetic variations impacting transcriptional control of NMDA
Rs and full sequencing of NMDA receptor genes may help
explain individual vulnerability to ketamine abuse and
ketamine-associated psychosis [47].

Ketamine Induced Cognition Impairments
The association between cognition impairments and
ketamine abuse has been a research interest in the field of
cognitive neuroscience over the last two decades [39,4850]. Both animal and human studies have shown that
ketamine can impair cognitive function, such as episodic
memory, semantic memory, working memory, executive
function and procedural learning [51-54]. In humans, a
single dose of ketamine induces working and episodic
memory impairments, as well as executive function [55].
Following 4 but not 2 weeks of daily injection ketamine of
5 mg/kg in mice, an impaired fear memory has been found
[56]. Both short- and long-term memory impairments
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are the most common characteristics of ketamine abusers [55]. Furthermore, in a longitudinal study, ketamine
use caused impairments in visual recognition and spatial
working memory that correlated with level of ketamine
use over 12 months [57]. Krystal and colleagues assayed
the effects of ketamine on the Wisconsin card sort task
(WCST) and found that ketamine significantly increase
the number of total errors and the number and percent of
perseverative errors. Ketamine also increase distractibility,
impaire recall, altere perception [58]. Similarly, the effect
of ketamine on attentional measures has been explored
[59-61]. For example, mismatch negativity (MMN). The
results have shown that smaller MMN to both pitch and
duration deviants was significantly correlated to ketamine
use [60].

Effects in Peripheral Systems
Ketamine can cause a variety of urinary tract problems. A group of urinary tract damage with the misuse of
‘street K’ was first reported by Chu in Hong Kong Medical
Journal in 2007. They reported that long term use may result in damage to the liver or urinary bladder, or even lead
to acute renal failure [62]. Some researchers propose that
ketamine abuse leading to damage of urinary tract system is the consequence of the immune response. Thickening of the bladder wall, a small capacity, and perivesicular stranding were identified in daily ketamine users,
which are consistent with severe inflammation [63]. Also
www.avidscience.com
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at cystoscopy ketamine users had severe ulcerative cystitis [63,64]. Bilateral hydronephrosis and renal papillary
necrosis have also been reported in some cases [48,65].
Following dose reduction, the symptoms of the lower urinary tract remitted [48]. In addition, recent report found
that liver enzyme abnormalities occurred following repeat
treatment with ketamine infusions. It is suggested that
liver enzymes must be monitored during involving higher
doses and repeated exposure to ketamine [66].

Biological Changes Related to Ketamine Use
It was showed that acute administration of ketamine
produced fast behavioural antidepressant effects, decreased significantly the immobility time of rats in Forced
Swimming Test (FST) compared to saline group [67].
Acute intravenous administration of low dose ketamine
to depressed patients elicited a rapid antidepressant effect
within 2 h, which sustained for 7-10days [68,69]. Studies showed that acute ketamine increased Brain Derived
Neurotrophic Factor (BDNF) levels in hippocampus, cerebral cortex and antidepressant effect of ketamine was attenuated in BDNF knockout mice [70], which implicated
the role of BDNF in the antidepresant effects of ketamine.
Work from laboratory went on to show that ketamine,
through blockade of NMDA receptors, activated a specific
intracellular signaling pathway to rapidly increase BDNF
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protein expression. Low dose ketamine, by blocking the
activation of NMDA receptors, decreased the influx of
calcium through the receptor, thereby inhibiting eukaryotic elongation factor 2 kinase (eEF2K) [70]. Eukaryotic
elongation factor 2 (eEF2), the substrate of eEF2K, phosphorylated by eEF2K, then suppressed protein translation [71]. Ketamine-mediated NMDAR blockade at rest
inhibited eEF2K resulting in reduced eEF2 phosphorylation and de-suppression of BDNF translation, leading to
a rapid increase in BDNF protein expression in the hippocampus.
Compared with those researches about acute administration of ketamine, the studies of chronic ketamine usage were not enough. While chronic use of ketamine may
have opposite effects on Neurotrophic factors. One study
showed that the serum BDNF and NGF concentrations
were lower in chronic ketamine users than that in healthy
control subjects and that the decrease of BDNF level was
correlated with high frequency of ketamine intake [72]. It
was also reported that serum levels of vascular endothelial
growth factor (VEGF), a potent growth factor, were decreased in chronic ketamine users compared with healthy
subjects [73].
Ketamine has also been showed to interfere with inflammatory response [74]. Previous studies showed that
ketamine could suppress the syntheses of lipopolysaccharide (LPS)-induced proinflammatory cytokine, such
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as TNF-α, IL-6 and IL-1β, suggesting a close relationship
between ketamine and cytokine levels [74-76]. It was reported that serum IL-6 and IL-18 levels were significantly
higher among ketamine users than those among healthy
controls, whereas serum TNF-α level was significantly
lower in ketamine users [77].
Long term use of ketamine have effects on brain structure. White matter changes associated with chronic ketamine use were found in bilateral frontal and left temporoparietal cortices and chronic ketamine use was indicated
to associate with widespread disruption of white matter
integrity [78,79]. And it was reported that chronic use of
ketamine significant decrease gray matter volume in bilateral frontal cortex of ketamine users in comparison with
control subjects [80].

Acknowledgement
This work was supported by grants to Ni Fan
from National Natural Science Foundation of China
(No.81571304).

14

3. Joe-Laidler K, Hunt G. Sit Down to Float: The
Cultural Meaning of Ketamine Use in Hong Kong.
Addict Res Theory. 2008; 16: 259-271.
4. Lee KH, Yeh YC, Yang PC, Lin HC, Wang PW.
Individual and peer factors associated with ketamine use among adolescents in Taiwan. Eur Child
Adolesc Psychiatry. 2012; 21: 553-558.
5. Liu Z, Gong X, Zhou M, Wang Z. Ketamine abuse
report in China. Chin J Drug Depend. 2014: 321323.
6. McCambridge J, Winstock A, Hunt N, Mitcheson
L. 5-Year trends in use of hallucinogens and other
adjunct drugs among UK dance drug users. Eur
Addict Res. 2007; 13: 57-64.
7. Lankenau SE, Bloom JJ, Shin C. Longitudinal trajectories of ketamine use among young injection
drug users. Int J Drug Policy. 2010; 21: 306-314.

References

8. Tang WK, Liang HJ, Lau CG, Tang A, Ungvari GS.
Relationship between cognitive impairment and
depressive symptoms in current ketamine users. J
Stud Alcohol Drugs. 2013; 74: 460-468.

1. Petersen RC, Stillman RC. Phencyclidine: an
overview. NIDA Res Monogr. 1978: 1-17.

9. Wolff K, Winstock AR. Ketamine : from medicine
to misuse. CNS Drugs. 2006; 20: 199-218.

2. Bonanno FG. Ketamine in war/tropical surgery (a
final tribute to the racemic mixture). Injury. 2002;
33: 323-327.

10. Wang Y, Zhang Y, Lian Z, Sun G, Bao Y, et al. Epidemiological characteristics of three new drugs
abuse in Beijing. Chin J Drug Depend. 2008: 445-

www.avidscience.com

www.avidscience.com

15

Substance Abuse

Substance Abuse

lergy Asthma Immunol. 2003; 2: 175-180.

454.
11. Lankenau SE, Sanders B, Bloom JJ, Hathazi D,
Alarcon E. First injection of ketamine among
young injection drug users (IDUs) in three U.S.
cities. Drug Alcohol Depend. 2007; 87: 183-193.
12. Reboso Morales JA, González Miranda F. [Ketamine]. Rev Esp Anestesiol Reanim. 1999; 46: 111122.
13. Harrison NL, Simmonds MA. Quantitative studies on some antagonists of N-methyl D-aspartate
in slices of rat cerebral cortex. Br J Pharmacol.
1985; 84: 381-391.
14. Azari P, Lindsay DR, Briones D, Clarke C, Buchheit T. Efficacy and safety of ketamine in patients
with complex regional pain syndrome: a systematic review. CNS Drugs. 2012; 26: 215-228.
15. Wu H. Ketamine in the application of complex regional pain syndrome treatment. Lingnan Journal
of Emergency Medicine. 2005: 30-31.
16. Lynch ME, Clark AJ, Sawynok J, Sullivan MJ. Topical amitriptyline and ketamine in neuropathic
pain syndromes: an open-label study. J Pain. 2005;
6: 644-649.
17. Heshmati F, Zeinali MB, Noroozinia H, Abbacivash R, Mahoori A. Use of ketamine in severe
status asthmaticus in intensive care unit. Iran J Al16

www.avidscience.com

18. Goyal S, Agrawal A. Ketamine in status asthmaticus: A review. Indian J Crit Care Med. 2013; 17:
154-161.
19. Diazgranados N, Ibrahim L, Brutsche NE, Newberg A, Kronstein P. A randomized add-on trial
of an N-methyl-D-aspartate antagonist in treatment-resistant bipolar depression. Arch Gen Psychiatry. 2010; 67: 793-802.
20. Zarate CA Jr, Singh JB, Carlson PJ, Brutsche NE,
Ameli R. A randomized trial of an N-methyl-Daspartate antagonist in treatment-resistant major
depression. Arch Gen Psychiatry. 2006; 63: 856864.
21. Park GR, Manara AR, Mendel L, Bateman PE.
Ketamine infusion. Its use as a sedative, inotrope
and bronchodilator in a critically ill patient. Anaesthesia. 1987; 42: 980-983.
22. Edwards SR, Mather LE. Tissue uptake of ketamine and norketamine enantiomers in the rat: indirect evidence for extrahepatic metabolic inversion. Life Sci. 2001; 69: 2051-2066.
23. Sigtermans M, Dahan A, Mooren R, Bauer M,
Kest B. S(+)-ketamine effect on experimental pain
and cardiac output: a population pharmacokinetic-pharmacodynamic modeling study in healthy
www.avidscience.com

17

Substance Abuse

Substance Abuse

volunteers. Anesthesiology. 2009; 111: 892-903.
24. Cohen L, Athaide V, Wickham ME, Doyle-Waters
MM, Rose NG. The effect of ketamine on intracranial and cerebral perfusion pressure and health
outcomes: a systematic review. Ann Emerg Med.
2015; 65: 43-51.
25. Elia N, Tramèr MR. Ketamine and postoperative
pain--a quantitative systematic review of randomised trials. Pain. 2005; 113: 61-70.
26. Wang X, Ding X, Tong Y, Zong J, Zhao X. Ketamine does not increase intracranial pressure compared with opioids: meta-analysis of randomized
controlled trials. J Anesth. 2014; 28: 821-827.

31. Lim DK. Ketamine associated psychedelic effects
and dependence. Singapore Med J. 2003; 44: 3134.
32. Giannini AJ, Underwood NA, Condon M. Acute
ketamine intoxication treated by haloperidol: a
preliminary study. Am J Ther. 2000; 7: 389-391.
33. Fan N, Xu K, Ning Y, Wang D, Ke X. Development
of a checklist of short-term and long-term psychological symptoms associated with ketamine
use. Shanghai Arch Psychiatry. 2015; 27: 186-194.

27. Chatterjee M, Verma R, Ganguly S, Palit G. Neurochemical and molecular characterization of ketamine-induced experimental psychosis model in
mice. Neuropharmacology. 2012; 63: 1161-1171.

34. Turner NE, Littman-Sharp N, Toneatto T, Liu
E, Ferentzy P. Centre for Addiction and Mental
Health Inventory of Gambling Situations: Evaluation of the Factor Structure, Reliability, and External Correlations. Int J Ment Health Addict. 2013;
11: 526-545.

28. Chatterjee M, Ganguly S, Srivastava M, Palit G.
Effect of ‘chronic’ versus ‘acute’ ketamine administration and its ‘withdrawal’ effect on behavioural
alterations in mice: implications for experimental
psychosis. Behav Brain Res. 2011; 216: 247-254.

35. Bowdle TA, Radant AD, Cowley DS, Kharasch
ED, Strassman RJ. Psychedelic effects of ketamine
in healthy volunteers: relationship to steady-state
plasma concentrations. Anesthesiology. 1998; 88:
82-88.

29. Blachut M, Solowiow K, Janus A, Ruman J, Cekus
A, et al. A case of ketamine dependence. Psychiatr
Pol. 2009; 43: 593-599.

36. Hartvig P, Valtysson J, Lindner KJ, Kristensen J,
Karlsten R. Central nervous system effects of subdissociative doses of (S)-ketamine are related to
plasma and brain concentrations measured with
positron emission tomography in healthy volun-

30. Critchlow DG. A case of ketamine dependence
with discontinuation symptoms. Addiction. 2006;
18

101: 1212-1213.

www.avidscience.com

www.avidscience.com

19

Substance Abuse

Substance Abuse

teers. Clin Pharmacol Ther. 1995; 58: 165-173.
37. Adler CM, Malhotra AK, Elman I, Goldberg
T, Egan M. Comparison of ketamine-induced
thought disorder in healthy volunteers and
thought disorder in schizophrenia. Am J Psychiatry. 1999; 156: 1646-1649.
38. Becker A, Peters B, Schroeder H, Mann T, Huether
G. Ketamine-induced changes in rat behaviour:
A possible animal model of schizophrenia. Prog
Neuropsychopharmacol Biol Psychiatry. 2003; 27:
687-700.
39. Krystal JH, Karper LP, Seibyl JP, Freeman GK,
Delaney R. Subanesthetic effects of the noncompetitive NMDA antagonist, ketamine, in humans.
Psychotomimetic, perceptual, cognitive, and neuroendocrine responses. Arch Gen Psychiatry.
1994; 51: 199-214.
40. Newcomer JW, Farber NB, Jevtovic-Todorovic V,
Selke G, Melson AK. Ketamine-induced NMDA
receptor hypofunction as a model of memory impairment and psychosis. Neuropsychopharmacology. 1999; 20: 106-118.
41. Lahti AC, Koffel B, LaPorte D, Tamminga CA.
Subanesthetic doses of ketamine stimulate psychosis in schizophrenia. Neuropsychopharmacology. 1995; 13: 9-19.
42. Morgan CJ, Monaghan L, Curran HV. Beyond
20

www.avidscience.com

the K-hole: a 3-year longitudinal investigation of
the cognitive and subjective effects of ketamine in
recreational users who have substantially reduced
their use of the drug. Addiction. 2004; 99: 14501461.
43. Morgan CJ, Muetzelfeldt L, Curran HV. Consequences of chronic ketamine self-administration
upon neurocognitive function and psychological
wellbeing: a 1-year longitudinal study. Addiction.
2010; 105: 121-133.
44. Perry EB Jr, Cramer JA, Cho HS, Petrakis IL,
Karper LP. Psychiatric safety of ketamine in psychopharmacology research. Psychopharmacology
(Berl). 2007; 192: 253-260.
45. Stone JM, Erlandsson K, Arstad E, Squassante L,
Teneggi V, et al. Relationship between ketamineinduced psychotic symptoms and NMDA receptor occupancy: a [(123)I]CNS-1261 SPET study.
Psychopharmacology (Berl). 2008; 197: 401-408.
46. Xu K, Krystal JH, Ning Y, Chen da C, He H. Preliminary analysis of positive and negative syndrome scale in ketamine-associated psychosis in
comparison with schizophrenia. J Psychiatr Res.
2015; 61: 64-72.
47. Xu K, Lipsky RH. Repeated ketamine administration alters N-methyl-D-aspartic acid receptor
subunit gene expression: implication of genetic
www.avidscience.com

21

Substance Abuse

Substance Abuse

vulnerability for ketamine abuse and ketamine
psychosis in humans. Exp Biol Med (Maywood).
2015; 240: 145-155.

upon neurocognitive function and psychological
wellbeing: a 1-year longitudinal study. Addiction.
2010; 105: 121-133.

48. Morgan CJ, Curran HV; Independent Scientific
Committee on Drugs. Ketamine use: a review. Addiction. 2012; 107: 27-38.

54. Morgan CJ, Riccelli M, Maitland CH, Curran HV.
Long-term effects of ketamine: evidence for a
persisting impairment of source memory in recreational users. Drug Alcohol Depend. 2004; 75:
301-308.

49. Adler CM, Goldberg TE, Malhotra AK, Pickar D,
Breier A. Effects of ketamine on thought disorder, working memory, and semantic memory in
healthy volunteers. Biol Psychiatry. 1998; 43: 811816.
50. Scheidegger M, Henning A, Walter M, Boeker
H, Weigand A. Effects of ketamine on cognitionemotion interaction in the brain. Neuroimage.
2016; 124: 8-15.
51. Curran HV, Monaghan L. In and out of the Khole: a comparison of the acute and residual effects of ketamine in frequent and infrequent ketamine users. Addiction. 2001; 96: 749-760.

22

55. Morgan CJ, Curran HV. Acute and chronic effects
of ketamine upon human memory: a review. Psychopharmacology (Berl). 2006; 188: 408-424.
56. Amann LC, Halene TB, Ehrlichman RS, Luminais
SN, Ma N, et al. Chronic ketamine impairs fear
conditioning and produces long-lasting reductions in auditory evoked potentials. NEUROBIOL
DIS. 2009; 35: 311-317.
57. Stewart CE. Ketamine as a street drug. Emerg
Med Serv. 2001; 30: 30-34.

52. Morgan CJ, Mofeez A, Brandner B, Bromley L,
Curran HV. Acute effects of ketamine on memory systems and psychotic symptoms in healthy
volunteers. Neuropsychopharmacology. 2004; 29:
208-218.

58. Krystal JH, Bennett A, Abi-Saab D, Belger A,
Karper LP. Dissociation of ketamine effects on
rule acquisition and rule implementation: possible relevance to NMDA receptor contributions
to executive cognitive functions. Biol Psychiatry.
2000; 47: 137-143.

53. Morgan CJ, Muetzelfeldt L, Curran HV. Consequences of chronic ketamine self-administration

59. Abel KM, Allin MP, Hemsley DR, Geyer MA. Low
dose ketamine increases prepulse inhibition in

www.avidscience.com

www.avidscience.com

23

Substance Abuse

Substance Abuse

healthy men. Neuropharmacology. 2003; 44: 729737.
60. Umbricht D, Koller R, Vollenweider FX, Schmid
L. Mismatch negativity predicts psychotic experiences induced by NMDA receptor antagonist in
healthy volunteers. Biol Psychiatry. 2002; 51: 400406.
61. Umbricht D, Schmid L, Koller R, Vollenweider
FX, Hell D. Ketamine-induced deficits in auditory and visual context-dependent processing in
healthy volunteers: implications for models of
cognitive deficits in schizophrenia. Arch Gen Psychiatry. 2000; 57: 1139-1147.
62. Chu PS, Kwok SC, Lam KM, Chu TY, Chan SW.
‘Street ketamine’-associated bladder dysfunction:
a report of ten cases. Hong Kong Med J. 2007; 13:
311-313.
63. Shahani R, Streutker C, Dickson B, Stewart RJ.
Ketamine-associated ulcerative cystitis: a new
clinical entity. UROLOGY. 2007; 69: 810-812.
64. Ho CC, Pezhman H, Praveen S, Goh EH, Lee BC.
Ketamine-associated ulcerative cystitis: a case report and literature review. Malays J Med Sci. 2010;
17: 61-65.
65. Middela S, Pearce I. Ketamine-induced vesicopathy: a literature review. Int J Clin Pract. 2011; 65:
24

www.avidscience.com

27-30.
66. Bell RF. Ketamine for chronic noncancer pain:
concerns regarding toxicity. Curr Opin Support
Palliat Care. 2012; 6: 183-187.
67. Garcia LS, Comim CM, Valvassori SS, Réus GZ,
Barbosa LM. Acute administration of ketamine
induces antidepressant-like effects in the forced
swimming test and increases BDNF levels in the
rat hippocampus. Prog Neuropsychopharmacol
Biol Psychiatry. 2008; 32: 140-144.
68. Zarate CA Jr, Singh JB, Carlson PJ, Brutsche NE,
Ameli R. A randomized trial of an N-methyl-Daspartate antagonist in treatment-resistant major
depression. Arch Gen Psychiatry. 2006; 63: 856864.
69. Berman RM, Cappiello A, Anand A, Oren DA,
Heninger GR. Antidepressant effects of ketamine
in depressed patients. Biol Psychiatry. 2000; 47:
351-354.
70. Autry AE, Adachi M, Nosyreva E, Na ES, Los MF.
NMDA receptor blockade at rest triggers rapid
behavioural antidepressant responses. Nature.
2011; 475: 91-95.
71. Sutton MA, Taylor AM, Ito HT, Pham A, Schuman EM. Postsynaptic decoding of neural activity:
eEF2 as a biochemical sensor coupling miniature
www.avidscience.com

25

Substance Abuse

Substance Abuse

synaptic transmission to local protein synthesis.
NEURON. 2007; 55: 648-661.
72. Ke X, Ding Y, Xu K, He H, Zhang M. Serum brainderived neurotrophic factor and nerve growth factor decreased in chronic ketamine abusers. Drug
Alcohol Depend. 2014; 142: 290-294.
73. Fan N, Luo Y, Xu K, Zhang M, Ke X. Relationship of serum levels of TNF-Î±, IL-6 and IL-18
and schizophrenia-like symptoms in chronic ketamine abusers. Schizophr Res. 2015; 169: 10-15.
74. Chang Y, Chen TL, Sheu JR, Chen RM. Suppressive effects of ketamine on macrophage functions.
Toxicol Appl Pharmacol. 2005; 204: 27-35.

2015; 152: 57-61.
78. Edward Roberts R, Curran HV, Friston KJ, Morgan CJ. Abnormalities in white matter microstructure associated with chronic ketamine use.
Neuropsychopharmacology. 2014; 39: 329-338.
79. Liao Y, Tang J, Ma M, Wu Z, Yang M. Frontal white
matter abnormalities following chronic ketamine
use: a diffusion tensor imaging study. Brain. 2010;
133: 2115-2122.
80. Liao Y, Tang J, Corlett PR, Wang X, Yang M. Reduced dorsal prefrontal gray matter after chronic
ketamine use. Biol Psychiatry. 2011; 69: 42-48.

75. Chen H, Fan C, Du J, Sun H, Zhao M. DSM-IV
axle I diagnoses analysis in 506 patients with substance dependence. Chin J Drug Depend. 2009:
200-203.
76. Chen TL, Chang CC, Lin YL, Ueng YF, Chen RM.
Signal-transducing mechanisms of ketaminecaused inhibition of interleukin-1 beta gene expression in lipopolysaccharide-stimulated murine
macrophage-like Raw 264.7 cells. Toxicol Appl
Pharmacol. 2009; 240: 15-25.
77. Fan N, Zhang M, Xu K, Ke X, Ding Y. Serum level
of vascular endothelial growth factor decreased in
chronic ketamine abusers. Drug Alcohol Depend.
26

www.avidscience.com

www.avidscience.com

27

