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Abstract: Despite the devastating effect of suicide on numerous lives, there is still a dearth 
of knowledge concerning its neurochemical aspects. There is increasing evidence that brain-derived 
neurotrophic factor (BDNF) and Nerve growth factor (NGF) are involved in the pathophysiology 
and treatment of depression through binding and activating their cognate receptors trk B and trk A 
respectively. The present study was performed to examine whether the expression profiles of BDNF 
and/or trk B as well as NGF and/or trk A were altered in postmortem brain in subjects who commit 
suicide and whether these alterations were associated with specific psychopathologic conditions. 
These studies were performed in hippocampus obtained 21 suicide subjects and 19 non-psychiatric 
control subjects. The protein and mRNA levels of BDNF, trk B and NGF, trk A were determined 
with Sandwich ELISA,  Western Blot and RT PCR respectively. Given the importance of BDNF 
and NGF along with their cognate receptors in mediating physiological functions, including cell 
survival and synaptic plasticity, our findings of reduced expression of BDNF, Trk B and NGF, Trk 
A in both protein and mRNA levels of postmortem brain in suicide subjects suggest that these 
molecules may play an important role in the pathophysiological aspects of suicidal behavior.  
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1. Introduction 
Suicide is a major public health concern; however, its neurobiology is unclear. Post-mortem 

brain tissue obtained from suicide victims and normal controls offers a useful method for studying 
the neurobiology of suicide. Despite several limitations, these studies have offered important leads 
in the neurobiology of suicide. In this article, we discuss some important findings resulting from 
these studies, focusing on neurotrophin studies in suicide. Like everywhere else in the world suicide 
attempts in India have been increasing progressively. Despite of dramatic improvements in the 
medication treatment of psychiatric disorders, there has been relatively little change in suicide rates 
over the last quarter of a century. India, the second most populous country, is known today as one 
of the fastest developing nations in the world. Along with the increase in economy, there is also 
increasing number of people who are dying from suicide every year. As per estimation of WHO's 
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latest suicide rate, India along with China, holds the dubious distinction of having the highest 
suicide rates in the world. In India 98 out of every 100,000 people commit suicide annually [1].  

Despite the devastating effect of suicide on numerous lives, there is still a dearth of 
knowledge concerning its underlying cause and pathologic mechanism. Several clinical and 
epidemiological studies have identified stress as an important risk factor in suicide [2].  
 The role of neurotrophins in directing brain growth and neuronal functioning is being 
increasingly recognized. Neurotrophins not only play an important role in cellular proliferation, 
migration, and phenotypic differentiation and/or maintenance in the developing central nervous 
system [3], but also their presence is required in the adult central nervous system for maintenance of 
neuronal functions, structural integrity of neurons, and neurogenesis [4], which suggests that 
neurotrophins are biologically significant over the entire lifespan. In addition, a number of studies 
have demonstrated that neurotrophic factors regulate structural and synaptic and morphological 
plasticity to modulate the strength or number of synaptic connections and neurotransmission [5]. 
Neurotrophins are structurally related homodimeric proteins that include brain-derived neurotrophic 
factor (BDNF), nerve growth factor (NGF), neurotrophin (NT)-3, and NT-4/5. They exert their 
effects after binding to receptor tyrosine kinases (Trk), such as TrkA, TrkB, TrkC, and p75NGFR, 
in a specific manner [6]. We therefore, investigated the correlation of neurotrophins and their 
respective receptors at the level of both protein and mRNA in hippocampus obtained from suicide 
victims and matched non-psychiatric control subjects. The results of the present study demonstrate 
reduced expression of neurotrophins and their receptors at both protein and mRNA level in 
postmortem brain of suicide victims, indicating a significant association of suicide and down 
regulation of neurotrophins and their cognate receptors at translational level in hippocampal region 
of the brain. This results indicate a significant   defective brain neurotrophin milleau in Indian 
suicide victims and strengthens role of neurotrophins in the pathophysiology of suicide. 
 

2. Materials and Methods 
 

2.1. Subjects 
Post-mortem brain samples from suicide subjects with major depression and non-psychiatric 

control subjects were obtained from the Calcutta Medical College Hospital, The hippocampal 
region of the brains were dissected and stored at -80 ºC. We determined the selected neurotrophins 
and their respective receptors mRNA and protein expression in the hippocampal and cerebellum 
brain areas obtained from 20 non-psychiatric control subjects (referred as control subjects) and 20 
depressed suicide subjects. Detailed demographic characteristics of the control and depressed 
suicide subjects are provided in Table 1. The brain samples were free of any neuropathological 
abnormalities and HIV. This study was approved by the Institutional Review Board (Ref. No. 
06/B/IEC/MCH) of the Calcutta Medical College Hospital under West Bengal University of Health 
Sciences.  
 

2.2. Diagnostic methodology 
All subjects were diagnosed as follows: after giving written informed consent at least one 

family member was interviewed using procedures based on the Diagnostic Evaluation After Death 
(DEAD) and the Schedule for Clinical Interviews for the DSM-IV (SCID) (Salzman et al. 1983). 
Family members gave permission for clinical records to be obtained from mental health treatment 
providers when there was a prior history of mental health treatment, and in all cases of suicide. An 
attempt was made to collect all the available records on each case, from which the appropriate data 
were extracted and collated using the DEAD. Two senior psychiatrists provided independent DSM-
III-R diagnoses; discrepancies were resolved by means of a consensus conference. Data on suicide 
cases were collected and the circumstances of the suicide were determined using the DEAD form 
during the same interview process. Cases were considered to be suicide only if the manner of death 
was determined to be suicide by the medical examiner. Similarly, controls were verified as free 
from mental illnesses using such consensus diagnostic procedures. This study was approved by the 
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Institutional Review Board (Ref. No. 06/B/IEC/MCH), Calcutta Medical College Hospital under 
West Bengal University of Health Sciences. 
 
 

 
 

Table 1. Demographic characteristics of suicide and control subjects 

Subject 
No. Group 

Sex 
(M/F) Age (Yr.) 

PMI 
(h) Brain pH Cause of death 

 
Psychiatric Diagnosis 

1 MDD M 45 17.9 6.91 Acid Poisoning Familial dyshermony  

2 MDD F 21 24.8 6.23 Hanging Familial dyshermony  

3 MDD M 65 13.9 6.72 Wrist cutting Major depression, alcohol abuse 

4 MDD F 20 21.6 6.92 CuSO4 Poisoning 
Major depression, adjustment 

disorder 

5 MDD M 59 15.6 6.95 Hanging Schizophrenia 

6 MDD M 53 23 6.1 Jumped Major depression 

7 MDD M 32 26.3 6.4 Hanging Drug and alcohol abuse 

8 MDD F 36 18.8 5.69 Acid Poisoning Major depression 

9 MDD M 34 24.3 6.44 Hanging 
Major depression, adjustment 

disorder 

10 MDD M 38 24 6.3 Wrist cutting Major depression, alcohol abuse 

11 MDD M 27 24.8 6.65 Acid Poisoning Familial dyshermony  

12 MDD M 54 26.1 6.77 Multiple injuries Drug and alcohol abuse 

13 MDD F 18 22 6.55 Jumped Marital dyshermony 

14 MDD F 26 15.5 6.32 Hanging Marital dyshermony 

15 MDD F 62 27 6.2 Hanging No Psychiatric illness 

16 MDD F 46 20.1 6.52 Jumped Major depression, agoraphobia 

17 MDD M 39 11.5 7 Run over in Metro rail Familial dyshermony  

18 MDD M 29 24.7 6.66 Hanging Bipolar disorder 

19 MDD M 44 19.3 7.06 Multiple injuries Schizoaffective disorder 

20 MDD M 23 24.8 6.71 Wrist cutting 
Major depression, adjustment 

disorder 

21 MDD M 72 24.5 6.25 Run over in Metro rail Familial dyshermony  

22 Control M 30 22 5.8 
Atherosclerotic 

cardiovascular disease ▬ 

23 Control M 22 19.24 7.33 Accidental trauma ▬ 

24 Control F 23 18.34 6.23 Cadiac arrhythmia ▬ 

25 Control M 43 26.13 5.69 Hypertensive heart ▬ 

26 Control M 67 27.23 5.89 Liver cirrhosis ▬ 

27 Control M 34 15.5 6.35 
Hypoplastic coronary 

artery ▬ 

28 Control F 29 23 6.64 Cadiac arrhythmia ▬ 

29 Control M 47 26.3 6.22 
Atherosclerotic 

cardiovascular disease ▬ 

30 Control F 54 18.8 5.98 
Atherosclerotic 

cardiovascular disease ▬ 

31 Control M 27 24.3 6.43 Pneumonia ▬ 

32 Control M 32 29.13 5.33 
Subarachnoid 
haemorrhage ▬ 

33 Control F 29 18 7.17 Anaphylaxis ▬ 

34 Control F 32 9.5 6.11 Mitral valve prolapse ▬ 

35 Control M 45 17 5.44 Hypertensive heart ▬ 

36 Control M 65 16 6.7 
Hypoplastic coronary 

artery ▬ 

37 Control M 19 10.32 6 Accidental trauma ▬ 

38 Control M 50 17.5 6.11 
Hypertrophic 

cardiomyopathy ▬ 

39 Control M 28 21 5.7 Accidental trauma ▬ 

40 Control F 40 24 6.47 Ovarian cancer ▬ 
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2.3. Extraction of hippocampus and Western blotting  
The brains of suicide subjects and control subjects were removed for isolating the 

hippocampal tissues. 50-100 mg hippocampal tissue of each subject was lysed in 1 ml lysate (50 
mmol/L Tis-HCl pH 7.4, 50 mmol/L NaCl, 1%Triton-X 100, 1 mmol/L EDTA, 100 µg/ml PMSF) 
and centrifuged at 15000 rpm for 15 minutes at 4°C to obtain the supernatant. The proteins were 
separated by 12% SDS-PAGE and transferred to Nitro-Cellulose membranes. An Western blotting 
reaction was performed with  anti-BDNF polyclonal antibodies (1:1000 dilution in 3% BSA, 
Chemicon, USA), anti-TrkB polyclonal antibodies (1:1000 dilution in 3% BSA, Chemicon, USA), 
NGF polyclonal antibodies (1:1000 dilution in 3% BSA, Chemicon, USA) and anti-TrkA 
polyclonal antibodies (1:400 dilution in 3% BSA, Santa Cruz, USA)   overnight at 4°C. Anti-β-actin 
monoclonal antibody (1:10000 dilution in 3% BSA, Sigma, USA) was used as the internal control.  
Membranes were washed three times in TBST and incubated with HRP-conjugated anti-sheep IgG 
(1:1000) for 2 hours at room temperature. Immuno-reactive bands were visualized using the 
enhanced chemilumines-cence (ECL) [Santa Cruz, C.A, USA].  

The optical density value (OD) of each band was analyzed with the biology electrophoresis 
image analysis system (Smartview 2001, S/N: SV-0002202, Japan). The expression of BDNF, NGF 
TrkB, and TrkA were determined by calculating the optical density ratio of each band to β-actin 
protein.  
 

2.4. Quantitative evaluation of BDNF and NGF levels by Sandwich ELISA:  
Endogenous BDNF and NGF levels were measured in hippocampus using enzyme linked 

immunosorbent assay kit according to the manufacturer instructions (Chemicon,USA). 
Hippocampus were immediately extracted by the previous method. Rabbit polyclonal antibodies 
generated against human BDNF and NGF were coated onto two separate microplates and were used 
to capture BDNF and NGF respectively from the samples. BDNF specific, biotin conjugated, mouse 
monoclonal antibodies were used to detect the captured BDNF and NGF specific, biotin conjugated, 
mouse monoclonal antibodies were used to detect the captured NGF separately. After addition of 
streptavidin-enzyme, substrate and stop solution the amount of BDNF and NGF were determined. 
The standard curve demonstrates a direct relationship between Optical Density (OD) as well as 
BDNF and NGF concentrations: i.e., the higher the OD the higher the BDNF and NGF 
concentrations in the samples. 

The amount of BDNF and NGF were determined by absorbance in 450 nm (Tecan Infinite 
M200). A standard curve was produced and it ranged from 7.8 to 500pg/ml of BDNF and NGF. 
These curves were obtained from a direct relationship between optical density and neurotrophins’ 
concentrations. Total protein concentration was measured by Lowry’s method using bovine serum 
albumin (BSA) as a standard. 
 

2.5. Isolation of total mRNA from the hippocampus and RT-PCR  
Hippocampal tissues were isolated from all subjects. Total mRNA was extracted from the 

50-100 mg hippocampus according to the instructions of TRIzol kit (Invitrogen, USA). BDNF, 
NGF, TrkB, and Trk A mRNA in each extraction were determined by Real Time- Polymerase 
Chain Reaction (RT-PCR). GAPDH, used as an internal control, was co-amplified with BDNF, 
NGF, TrkB, and Trk A mRNAs. The primers were designed by AuGCT-technology Company 
(Beijing, China) according to the serial number from Genebank as follows: BDNF: 5’-
ATTAGGTGGCTTCATAGGAGAC-3’(sense) and 5’-GAACAGAACAGAACAGAACAGG-
3’(antisense); Trk B: 5’-TCTCTCGGTCTATGCCGTGGTGG-3’(sense) and 5’-
TCCAGGCACTTCCTCGTTCAGT-3’(antisense); NGF: 5’- 
AGCGTAATGTCCATGTTGTTCTAC-3’(sense) and 5’-TGCTATCTGTGTACGGTTCTGC-
3’(antisense); Trk A: 5’-CTTGCGCCGCATCCTGTCGT-3’ (sense) and 5’-
GCAGGCCGCGGAGGGTATTC-3’ (antisense) and GAPDH: 5’-
TTGCCATCAATGACCCCTTCA-3’ (sense) and 5’-CGCCCCACTTGATTTTGGA-3’ (antisense). 
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The PCR products were observed after electrophoresis on 1.2% agarose gel and the density of each 
band was analyzed on the gel image analysis system (Smartview 2001, S/N: SV- 0002202, Japan). 
The level of the mRNA was determined by calculating the density ratio of each band of BDNF, 
TrkB, NGF and Trk A mRNA to GAPDH mRNA. 
 

2.6 Statistical Analysis 
The Statistical Package for the Social Science (SPSS) 15.0 was utilized for statistical 

analyses. All data are expressed as mean ± standard error of the mean (SEM) of n subjects, and 
have been statistically analyzed with the student’s t- test. P values less than 0.001 were considered 
statistically significant.  
 

3. Results and Discussion 
3.1 Comparison of Protein levels of BDNF, TrkB, NGF and TrkA between Normal 

Control Subjects and Suicide Victims in the hippocampus 
The molecular weights of BDNF, TrkB, NGF, TrkA and β-actin were 14 kDa, 145 kDa,  

13.5 kDa, 140 kDa  and 46 kDa, respectively. The expression levels of BDNF, NGF, TrkB, and 
TrkA proteins were normalized against the β-actin protein level, which was used as an internal 
control. The results showed that the expression of BDNF, NGF, TrkB and TrkA in the hippocampus 
decreased significantly in the suicide subjects when compared to the control subjects (P<0.05, 
Figure 1). 

 
Figure 1. Representative bands of Western Blot showing the Protein levels of BDNF, Trk B, NGF and Trk A 
in hippocampus of suicide subjects and normal controls. Data are the mean ± S.D.  Hippocampus samples 

were from 19 normal controls and 21 suicide subjects 
 

3.2. Comparison of quantitative values of BDNF and NGF between Normal Control 

Subjects and Suicide Victims in the hippocampus 
Among the suicidal victims BDNF and NGF levels were significantly reduced in the 

hippocampus compared to normal control subjects (tBDNF =5.43; df=18; p<0.001; tNGF =6.13; df=18; 
p<0.001 Figure 2). Such observations clearly indicate the relation of chronic mental depression and 
hippocampal neurotrophin levels. 
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Figure 2. Hippocampal BDNF and NGF levels of suicide subjects and normal controls. Data are the mean ± 

S.D.  Hippocampus samples were from 19 normal controls and 21 suicide subjects 
 

3.3 Comparison of mRNA levels of BDNF, TrkB, NGF and TrkA between Normal 

Control Subjects and Suicide Victims in the hippocampus 
The lengths of BDNF, NGF, TrkB,  TrkA and GAPDH amplified fragments were 178 bp, 

199 bp, 79 bp, 96 bp and 173 bp respectively and the bands were clear (Figure 3). The levels of 
BDNF, NGF, TrkB, and TrkA mRNA and were normalized against GAPDH mRNA levels as an 
internal control. Compared with the control group, the levels of BDNF, NGF TrkB and TrkA 
mRNA reduced in suicide subjects and the differences were statistically significant (P<0.05).  
 

3.4 Correlation between Protein and mRNA Levels of BDNF, NGF, TrkB, and TrkA 
To examine whether the decreases in protein levels of neurotrophins were associated with 

their respective mRNA levels, we correlated mRNA and protein levels of neurotrophins in the 
combined control and suicide groups. Interestingly, we observed a significant correlation between 
mRNA and protein levels of BDNF (r=0.38, p< 0.001), TrkB (r=0.42, p<0.001), NGF(r=0.42, 
p<0.001) and TrkA (r=0.52, p<0.001) in hippocampus. 

Using human-specific antibodies, we compared protein levels of neurotrophins and their 
cognitive receptors in the hippocampal regions in normal control subjects and suicide subjects. We 
observed that protein levels of BDNF, NGF, TrkB and TrkA were similar within hippocampus of 
all control subjects. In parallel observations the present results also showed similar findings on 
mRNA levels of these neurotrophins and their respective receptors in hippocampus, determined 
quantitatively with human-specific primers by Real Time PCR. In contrast, when we compared 
neurotrophin levels and their respective receptors status between suicide victims and normal control 
subjects, we observed significant differences in all suicide victims. Both protein and mRNA levels 
of BDNF, NGF, TrkB, and TrkA were significantly decreased in hippocampus of suicide victims as 
compared with normal control subjects. The changes in neurotrophins and their receptors levels 
were not correlated with gender, pH of the brain, PMI, or age (Results are not shown here). 

Our present study, provides the evidence for the first time that two major neurotrophins 
BDNF and NGF along with their cognitive TrkB and TrkA receptors are not only less expressed in 
their protein levels but also their transcription levels are also compromised in postmortem brains of 
suicide subjects as evident from the mRNA studies of the present experiment.  
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Figure 3. Representative gel electrophoreses showing the mRNA levels of BDNF, Trk B, NGF and Trk A in 

hippocampus of suicide subjects and normal controls. Data are the mean ± S.D.  Hippocampus samples were 
from 19 normal controls and 21 suicide subjects 

 
4. Conclusion 
Different regions of the brain play a major role in mood regulation and have been implicated 

in the pathophysiology of affective disorders and suicide [4]. Mainly the hippocampus is involved 
in cognition [7] and is the primary brain area affected by stress [8], one of the major factors in 
suicidal behavior [4]. Therefore, in the present study, the observed decreases in the levels of 
neurotrophins in hippocampus might be of relevance in suicidal behavior. Interestingly, structural 
abnormalities in cortical and hippocampal brain areas and reduced hippocampal plasticity have been 
demonstrated in affective disorder patients and during stress [9-12]. Some studies even suggest 
structural abnormalities in brain of suicide victims [13]. The reduced expression of neurotrophins 
assayed, in the present experiments, could possibly be associated with such structural abnormalities 
and reduced hippocampal plasticity. Interestingly, we observed an unique parallel decrease of the 
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mRNA and protein levels of BDNF, NGF, TrkB and TrkA in hippocampus of suicide victims. This 
suggests that the decrease in amount of these neurotrophins and their cognitive receptors could be 
due to reduced transcription.  

A number of studies suggest that neurotrophins are regulated in response to stress [14-15]. 
Whether stress might have affected the levels of neurotrophins in the brain of the suicide victims in 
our cohort is not clear; however, such a possibility cannot be ruled out, because there is a strong 
relationship between stress and suicidal behavior, and a dysregulated stress system has been 
demonstrated in suicide victims [16]. The precise mechanisms are still to be elucidated; however, 
our findings of decreased levels of BDNF and NGF in suicide might be of relevance to its 
pathophysiology of depression.  
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