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Abstract

Aims—This study investigated the serum levels of brain-derived neurotrophic factor (BDNF) and 

nerve growth factor (NGF) in a group of chronic ketamine abusers in comparison to healthy 

controls. The correlations between the serum BDNF, NGF level with the subjects’ demographic, 

pattern of ketamine use were also examined.

Methods—93 subjects who met the criteria of ketamine dependence and 39 healthy subjects 

were recruited. Serum BDNF and NGF levels were assayed by enzyme-linked immunosorbent 

assay (ELISA). Psychopathological symptoms were assessed using Positive and Negative 

Syndrome Scale (PANSS), Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI).

Results—Both serum levels of BDNF and NGF were significant lower in the ketamine users 

compared to the healthy control subjects (9.50 ± 6.68 versus 14.37 ± 6.07 ng/ml, p = 0.019 for 

BDNF; 1.93 ± 0.80 versus 2.60 ± 1.07 ng/ml, p = 0.011 for NGF). BDNF level was negatively 

associated with current frequency of ketamine use (r = −0.209, p = 0.045).

Conclusions—Both BDNF and NGF serum concentrations were significantly lower among 

chronic ketamine users than among health controls.
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1. Introduction

Ketamine, a derivative of phencyclidine (PCP), was first successfully synthesized by the 

American chemist Calvin Stevens in 1962. Recreational use of ketamine became popular in 

Europe and the United States and other countries after its hallucinogenic effects were 

discovered in 1970. The main pharmacologically action of ketamine is as a non-competitive 

antagonist of the N-methyl-D-aspartate (NMDA) receptor. Ketamine has central excitatory 

and inhibitory effects, as well as anti-anxiety, narcotic, hallucinogenic and generally 

psychotomimetic effects. A low dose of ketamine produces sedative and analgesic effects, 

while a high dose leads to dissociative anesthesia. The hallucinogenic effect is thought to 

underlie the ketamine abuse (Wolff and Winstock, 2006). Ketamine is known as “k powder” 

in China where several epidemiological surveys carried out in urban areas have reported that 

the percentage of ketamine abusers among all drug addicts had increased from 21.5% in 

2001 to 40% in 2009 (Chen et al., 2009; Lian et al., 2005; Liu et al., 2003; Wang et al., 

2008). In 2004, ketamine was classified as a psychotropic substance in Schedule I in China 

(F.D.A., 2004).

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 (Curran and Monaghan, 2001; Morgan et al., 2004a, 2004b, 2006b, 
2010). Brain-derived neurotrophic factor (BDNF) is an important neurotrophic factor 

associated with cognitive function, learning and memory as well as synaptic plasticity 

(Bekinschtein et al., 2008; Binder and Scharfman, 2004). BDNF is mainly synthesized in 

brain tissues, primarily distributed in the hippocampus, cerebral cortex, striatum, basal 

forebrain, hypothalamus, brainstem and cerebellum (Aid et al., 2007). In recent years, 

BDNF has also been found in the peripheral nervous system, as well as in other organs, such 

as the ovaries, lung, heart, platelet and skeletal muscle (Balkowiec and Katz, 2000). Nerve 

growth factor (NGF) is another kind of neurotrophic factor, which is widely distributed in 

vivo. NGF may play an important role in promoting the development of the nervous system; 

maintaining neuronal growth, survival and differentiation; and influencing synaptic plasticity 

(Yuen et al., 1996).

Human and animal studies have implied that ketamine use is associated with changes in 

serum BDNF and NGF levels, although results differ across studies. Studies related to 

human ketamine users are limited. Ricci et al. (2011) reported an elevation of serum BDNF 

in 17 chronic ketamine abusers. However, the sample size was small and it is difficult to 

draw a conclusion. In this study we explored the level of serum BDNF and NGF 

concentrations in a group of chronic, treatment-seeking ketamine abuse inpatients as 

compared to health controls. The correlations between the serum BDNF, NGF level with the 

demographic, drug use characteristics were also examined.
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2. Methods

2.1. Participants

Ketamine abusers were recruited from Guangzhou Brain hospital and Guangzhou Baiyun 

voluntary drug rehabilitation hospital. Healthy controls were recruited through 

advertisements. All the participants underwent a semi-structured interview to assess 

sociodemographic characteristics psychopathological status, and substance use. Among 

ketamine users, the average interval between the interview and last ketamine use was 8.16 

± 4.51 days. Urine was collected to confirm self-report psychoactive drug use. The inclusion 

criteria for ketamine abusers were: (1) subjects met the criteria of substance dependence 

according to DSM-IV-TR; (2) no other substances dependence other than tobacco; (3) no 

other substances use other than alcohol and tobacco for at least 6 months; and (4) age 

between 16 and 45 years old. Inclusion criteria for healthy subjects included: (1) no axis | 

diagnosis according to DSM-IV-TR criteria; (2) no familial history (including first- or 

second-degree relatives) of psychiatric disorders; and (3) age range match with the ketamine 

group (16–45 years old). Participants were excluded if they had: (1) any known organic 

diseases or (2) history of head trauma with loss of consciousness, or (3) any unstable 

physical illnesses, or (4) impairments of color vision or hearing. The study was approved by 

the Institutional Ethics Committee and written informed consents were signed by 

participants themselves or their guardians. A total of 93 ketamine users and 39 healthy 

subjects were recruited in the present study.

Clinical symptoms among ketamine users were evaluated with the Positive and Negative 

Syndrome Scale (PANSS; He and Zhang, 2000; Kay et al., 1987) administered by two 

trained psychiatrists with 3 or more years of clinical experience. The intraclass correlation 

coefficient (ICC) between raters on the PANSS was 0.954. In addition, ketamine users were 

asked to complete Beck Depression Inventory (BDI, 13-item; Beck and Beamesderfer, 1974) 

and the Beck Anxiety Inventory (BAI; Beck et al., 1988) which assessed their depressive and 

anxiety symptoms during the two weeks before they were hospitalized.

2.2. Blood sampling

Venous blood sample was drawn from each subject using standard venipuncture technique. 

The average days of blood drawing since last ketamine use was 9.34 days ± 5.97 days. 

Serum was obtained by centrifuged at 4000 rpm for 15 min, then aliquoted was stored at 

−80 °C until assay.

2.3. Measurement of serum BDNF and NGF levels

Serum BDNF and NGF levels were measured by ELISA using commercially available kits 

respectively (BDNF Emax Immunoassay System, Promega, USA; NGF Emax Immunoassay 

System, Promega, USA) according to the manufacturer’s instructions. The minimal 

detection limits were 15.6 pg/ml for BDNF and 7.8 pg/ml for NGF respectively. The BDNF 

Emax Immunoassay System and NGF Emax Immunoassay System typically offered less than 

3% cross-reactivity with other related neurotrophic factors (NT-3 and NT-4) at 100 ng/ml 

and 10 ng/ml respectively. All samples were assayed in duplicate. BDNF and NGF levels 
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were determined by absorbance at 450 nm wave length using optical density values against 

standard curves calibrated with known amounts of proteins.

2.4. Statistical analysis

All the data input were double entry, with verification using EpiData software, version 3.1 (a 

free software released by the non-profit organization “The EpiData Association” Odense, 

Denmark). All statistical analyses were performed using SPSS version 21.0 for windows. 

Chi-square test was used to examine the difference of sex, alcohol consumption and tobacco 

smoking variables between ketamine users and healthy controls. Spearman’s rank order 

correlation was applied for non-normally distributed data to investigate the correlations 

between neurotrophin levels, levels of ketamine use among users. A covariance analysis, 

with alcohol consumption and cigarettes smoking as covariate in univariate general linear 

model, was implemented to compare the serum neurotrophic factors levels across the two 

groups. For all statistical tests, a two-tailed p < 0.05 was considered to be significant.

3. Results

3.1. Demographic characteristics of ketamine users and healthy controls

A total of 93 ketamine abusers and 39 healthy subjects were recruited. The demographic 

characteristics of the two groups are summarized in Table 1. There were no significant 

differences in age, gender, or years of education between the two groups although alcohol 

consumption and cigarette smoking were higher among ketamine users (p value < 0.01).

In the ketamine group, the positive symptom, negative symptom and general 

psychopathology scores of PANSS were 8.01 ± 1.82, 13.10 ± 3.74 and 24.23 ± 5.09 

respectively. The BDI score was 12.69 ± 6.08, which indicated mild to severe depressive 

symptoms (Beck and Beamesderfer, 1974). The BAI score was 15.10 ± 8.37, which 

indicated low levels of anxiety symptoms (Beck et al., 1988).

3.2. Serum BDNF and NGF concentrations

As shown in Fig. 1, BDNF serum levels in ketamine users and healthy subjects were 9.50 

± 6.68 and 14.37 ± 6.07 ng/ml respectively (F = 5.619, p = 0.019), while NGF levels were 

1.93 ± 0.80 vs. 2.60 ± 1.07 ng/ml. BDNF (F = 6.618, p = 0.011).

3.3. Correlation of serum BDNF/NGF with demographic and drug use characteristics

Correlations between BDNF and NGF concentrations and different clinical measures (Table 

2), showed that there was a negative association between current frequency of ketamine use 

and BDNF level (r = −0.209, p = 0.045). In addition, the current average dose of ketamine 

consumption per day of use displayed a marginally significantly negative association with 

BDNF (r = −0.2, p = 0.056).

4. Discussion

This study investigated BDNF and NGF serum levels in chronic ketamine users in 

comparison with a sample of healthy controls and found serum BDNF and NGF 
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concentrations were both lower in chronic ketamine users who were hospitalized for 

treatment of ketamine related disorders than in controls.

Controversies have existed regarding whether ketamine causes changes of neurotrophic 

factors with chronic use in both animals and humans. In animal studies it has been reported 

that BDNF levels in the frontal lobe and the cerebellum of rats increased after receiving 

intraperitoneal injection of ketamine at 1 ml/100 g body weight daily for 5 days, while NGF 

level increased in the cerebellum but decreased in the striatum (Becker et al., 2008). Another 

study, conducted in rat pups showed that repeated exposure to ketamine led to accelerated 

neurodegeneration and increased BDNF levels in developing brain tissues (Ibla et al., 2009). 

Also it was showed that ketamine prevented the increase of hippocampal BDNF caused by 

novel object recognition training (Goulart et al., 2010). Ricci et al. (2011) found that serum 

BDNF level was higher in 17 chronic ketamine users as compared to 11 healthy control 

subjects while NGF level was not different. In the present study we found serum BDNF and 

NGF levels were lower in chronic, treatment-seeking ketamine users than in health controls. 

Participants in previous studies were most likely to have used lower doses of ketamine at 

lower frequencies and probably did not meet criteria for ketamine abuse or dependence. In 

the present study, in contrast, ketamine users were chronic, severe, treatment-seeking 

inpatients who met the full diagnostic criteria for ketamine associated disorders. The 

discrepancy in NGF and BDNF findings may reflect these differences in dosage/frequency 

and duration of ketamine use.

The average interval between the last ketamine use and blood sampling was 9.34 ± 5.97 

days. Considering that the half-life of ketamine is about 1–2 h (Morgan and Curran, 2012), 

the possibility that the lower BDNF and NGF levels reflect a withdrawal response can not be 

totally excluded. But as no obvious withdrawal symptoms were observed in this group of 

ketamine users and the usual time until withdrawal symptoms appear was 0.5–3 days (Wang 

et al., 2009), it is more likely that the lower neurotrophin levels were a consequence of 

chronic ketamine use, rather than a withdrawal response.

Most users enrolled in this study also had used psychoactive drugs other than ketamine. The 

usage of such compounds might also have affected the results. But the inclusion criteria 

limited entrants to those with no other reported substance dependencies other than tobacco, 

and no other substances use other than alcohol and tobacco for at least 6 months. So 

confounding is likely to be limited and it is reasonable to consider the lower observed levels 

of BDNF and NGF as primarily resulting from chronic ketamine use.

Spearman’s rank order correlation analysis showed that the serum BDNF level was 

negatively associated with the frequency of ketamine use, i.e., more frequent ketamine use 

was associated with the lower serum BDNF levels, suggesting a possible dose response 

effect in the modulation of BDNF level.

The mechanisms by which ketamine influence the BDNF level have been investigated 

intensively. Some studies have shown that the blockade of NMDA by ketamine and the 

activation of AMPA receptors mediate the increase of BDNF level relevant to ketamine 

administration (Yang et al., 2012). At the same time, other studies reported that blockade of 
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NMDA receptors inhibits the synthesis of BDNF (Hansen et al., 2004; Semba et al., 2006; 
Snigdha et al., 2011) mediated by depressed activity of extracellular signal-regulated kinase 

1/2 (ERK1/2) and attenuate levels of phosphorylated cAMP responsive element binding 

protein (CREB; Hansen et al., 2004). Thus the modulation of BDNF level triggered by 

blockade of NMDA receptors, by drugs such as ketamine, might be a bi-directional pathway 

under different circumstances.

Since BDNF and NGF play an important role in the neuron development and cognitive 

functions, it is intriguing to hypothesize that the reduced serum BDNF and NGF level 

observed in chronic ketamine abusers might play a role in ketamine-related functional 

impairments. The untoward effects of chronic ketamine use should be more emphasized.

Although the present study employed a relatively large sample of chronic ketamine abusers 

several limitations should be noticed. Firstly, only serum BDNF and NGF levels were 

measured which do not necessarily reflect the level of these neurotrophic factors in central 

nervous system. Nevertheless, it has been observed that BDNF can cross blood-brain barrier 

via a high-capacity saturable transport system in both directions (Pan et al., 1998) and a 

positive correlation has been found between serum and cortical BDNF levels (Karege et al., 

2002) as well as between blood and hippocampal BDNF levels (Klein et al., 2011). 

Secondly, patients in the ketamine user group were on antipsychotic medicines, which added 

complexity to the interpretation of the results since antipsychotics (Chlan-Fourney et al., 

2002; Lipska et al., 2001; Pillaia and Mahadik, 2006), as well as antidepressants (Castrén 

and Rantamäki, 2010; Chena et al., 2001; Coppella et al., 2003; Shimizua et al., 2003), can 

have an impact on the neurotrophin levels in blood or brain. Thirdly, our samples were 

mostly consisted of inpatients, suggesting that the severity of ketamine dependence in our 

patients is likely to be more serious than that in community samples. Thus, hospitalization 

bias should be taken into account and outpatient ketamine-dependent subjects will need to 

be investigated to determine whether these findings in this study can be generalized to 

ketamine addicts living in the community. Nonetheless, our present findings may provide 

some insight into levels of BDNF and NGF in chronic ketamine abusers.

In conclusion, our study demonstrated that the serum BDNF and NGF concentrations were 

lower in chronic ketamine-dependent patients than that in healthy control subjects and that 

the decrement of BDNF level was correlated with high frequency of ketamine intake as well 

as with positive and negative symptoms.
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Fig. 1. 
Comparisons of BDNF (A) and NGF (B) serum levels in ketamine users and healthy 

subjects: (A) BDNF serum level in ketamine users was significantly lower than that in 

healthy subjects (p = 0.019); (B) NGF level in ketamine users was significantly lower than 

that in healthy subjects (p = 0.011).
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Table 1

Clinical and demographic characteristics of ketamine users and healthy subjects.

Ketamine users
(N = 93)

Healthy subjects
(N = 39)

Age (years) 25.56 ± 4.61 24.77 ± 4.75

Gender (male/female) 87/6 34/5

Years of education 10.91 ± 2.56 11.54 ± 1.70

Age of first ketamine use (year) 19.75 ± 5.02

Duration of ketamine use (month)a 70.78 ± 34.52

Duration of dependence (month)b 31.57 ± 18.77

Current frequency of ketamine use (days per week)c 6.12 ± 1.58

Current average doses of ketamine consumption (gram per day) 3.16 ± 3.02

Use of other psychoactive compoundsd

Never use 20 (21.51%)

Methamphetamine 27 (29.03%)

MDMA 66 (70.97%)

Codeine hydrochloride 13 (13.98%)

Cannabis 22 (23.66%)

Cocaine 1 (1.08%)

Heroin 2 (2.15%)

PANSS

Positive symptom subscale 8.01 ± 1.82

Negative symptom subscale 13.10 ± 3.74

General psychopathology subscale 24.23 ± 5.09

Total score 45.34 ± 8.70

BDI 12.69 ± 6.08

BAI 15.10 ± 8.37

Alcohol

Drink frequentlye 27 (29%)** 5 (12.8%)

Not drink frequentlyf 66 (71%)** 34 (87.2%)

Tobacco

Smoke frequentlyg 88 (94.6%)** 19 (48.7%)

Not smoke frequentlyh 5 (5.4%)** 20 (51.3%)

Data are the mean ± standard deviation.

Data about use of other psychoactive compounds, alcohol consumption and tobacco smoking are the amount of cases (percentage).

N, number of subjects included in the study; M, male; F, female; MDMA 3,4-methylenedioxymethamphetamine.

a
Total months of ketamine use from the first time till now.

b
Total months of ketamine use from dependent till now.

c
Frequency of ketamine use in recent one month.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ke et al. Page 11

d
Use of other psychoactive compounds in one’s life span, alcohol and tobacco excluded.

e
Drink no less than once a week.

f
Including abstinence, drinking less than once a week and never drinking.

g
Smoke no less than 3 days per week.

h
Including cessation, smoking less than 3 days per week and never smoking.

**
p value < 0.01.
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Table 2

Association between BDNF and NGF concentration and clinical situation of ketamine use.

BDNF(ng/ml) NGF(ng/ml)

Gender −0.131   0.08

Age −0.069   0.078

Education −0.036   0.089

Age of first ketamine use −0.055   0.066

Duration of ketamine usea −0.154 −0.005

Duration of dependenceb −0.041* −0.071

Current frequency of ketamine usec −0.209 −0.112

Current average doses of ketamine consumption −0.2 −0.109

Days since last used   0.087   0.038

Alcohol consumption −0.008   0.028

Tobacco smoking   0.047   0.188

a
Total months of ketamine use from the first time till now.

b
Total months of ketamine use from beginning to depended till now.

c
Frequency of ketamine use in recent one month.

d
Days of blood drawing since last ketamine use.

*
p value < 0.05.
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