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INTRODUCTION 

 
 Alcohol dependence, points to the evidence of impairments from alcohol 

in multiple areas of life functioning, despite which the person returns to drinking.  

A central descriptive characteristic of the dependence syndrome is the strong 

overpowering desire to take  alcohol and evidence that return to substance use 

after a period of abstinence leads to a more rapid reappearance of other features of 

the syndrome than occurs with nondependent individuals(1).  

 
 Excessive alcohol consumption has become a major health concern in most 

countries in  world today. According to World Health Organisation( WHO) the 

global prevalence of alcohol dependence among adults world wide ranges from 

0% to 16% in 2004 (2). The prevalence among men were more than among 

women. The prevalence rate in Eastern European countries were high for both 

men and women. The prevalence rate in men suggests that numerous determinants 

such as environmental, individual, and genetic factors could favour evolution 

toward alcohol-dependence. Among environmental factors, quality of the 

neighbourhood or socio-economic factors (e.g., lower educational level, 

employment status) may increase risks of alcohol abuse. Individual and 

psychological characteristics including comorbid psychiatric disorders, early life 

stress exposure,  impulsivity are also risk-factors associated with chronic alcohol 

consumption. In addition, family studies, twin studies and adoption studies have 

highlighted that genetic factors play an important role in the pathogenesis of 

alcohol-dependence. Heritability of alcohol-dependence is estimated between 50 
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and 80% and is considered as a complex polygenic phenotype. The average 

alcohol dependent person’s life span decreases by 10-15 years(3).  

 
Alcohol dependence is diagnosed based on the criteria for alcohol 

dependence according to International classification of Diseases (ICD 10) . The 

criteria is as follows 

 
 “A cluster of physiological, behavioural, and cognitive phenomena in 

which the use of a substance or a class of substances takes on a much higher 

priority for a given individual than other behaviours that once had greater value. A 

central descriptive characteristic of the dependence syndrome is the desire (often 

strong, sometimes overpowering) to take psychoactive drugs (which may or may 

not have been medically prescribed), alcohol, or tobacco. There may be evidence 

that return to substance use after a period of abstinence leads to a more rapid 

reappearance of other features of the syndrome than occurs with nondependent 

individuals. 

 
Diagnostic guidelines 

A definite diagnosis of dependence should usually be made only if three or more 

of the following have been present together at some time during the previous year: 

a) a strong desire or sense of compulsion to take the substance; 

b) difficulties in controlling substance-taking behaviour in terms of its onset, 

termination, or levels of use; 

c) a physiological withdrawal state  when substance use has ceased or been 

reduced, as evidenced by: the characteristic withdrawal syndrome for the 
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substance; or use of the same (or a closely related) substance with the 

intention of relieving or avoiding withdrawal symptoms; 

d) evidence of tolerance, such that increased doses of the psychoactive 

substance are required in order to achieve effects originally produced by 

lower doses (clear examples of this are found in alcohol- and opiate-

dependent individuals who may take daily doses sufficient to incapacitate 

or kill non tolerant users); 

e) progressive neglect of alternative pleasures or interests because of 

psychoactive 

f) substance use, increased amount of time necessary to obtain or take the 

substance or to recover from its effects; 

g) persisting with substance use despite clear evidence of overtly harmful 

consequences, such as harm to the liver through excessive drinking, 

depressive mood states consequent to periods of heavy substance use, or 

drug-related impairment of cognitive functioning; efforts should be made 

to determine that the user was actually, or could be expected to be, aware 

of the nature and extent of the harm”(4). 

 
 Cognitive dysfunction in alcohol dependence patients is gaining more 

importance as many studies are confirming that 50% to 80% of these patients 

present with  cognitive impairment without any other neurological abnormality. 

These impairments are usually moderate to severe and do not come to notice 

unless specifically investigated for. These cognitive dysfunctions have been found 

to persist even after abstinence (5,6). 
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COGNITION: 

 The word cognition originates from Latin. Latin philosophers used the 

word cognition as a translation for the Greek word gnosis, which the western 

philosophical tradition translates as knowledge. Neisser in 1967 defined cognition 

as a mental process by which external or internal input is transformed, elaborated, 

reduced, stored, recovered and used. As such it involves a variety of functions 

such as perception, attention, memory coding, retention and recall, decision 

making, reasoning, problem solving, imaging planning and executive actions. 

Cognition is affected by many diseases like Type 2 Diabetes, Obesity,  Alcohol 

dependence, and Dementia (7).  

 
COGNITIVE DEFECTS IN ALCOHOL DEPENDENCE 

 Neuropsychological studies shows progressive disturbances in the 

cognitive functions like memory and frontal functions in alcohol dependence. 

Alcohol dependence affects working memory, executive functions, planning and 

solution of complex problems or undertaking decisions. Alcohol dependence 

constrain the possibilities of flexible changes of action strategies, reduce 

behaviour control and suppress psychosocial adaptation abilities. The typical 

neurocognitive profile found in chronic detoxified alcoholics after 2 to 4 weeks 

abstinence is intact IQ and verbal skills , but impairment of novel problem 

solving, abstract reasoning, learning and memory, visuospatial analysis and 

complex perceptual-motor integration (8,36). 
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INSULIN:  

                 Insulin is a major endocrine hormone secreted by the beta cells in the 

pancreatic islets. It was discovered in the year 1921 by Sir Frederick Banting and 

Charles Best. Insulin is mainly concerned with maintenance of constant blood 

glucose levels and metabolism in the body. Human insulin is a small protein with 

51 amino acids and  molecular weight of 5808. It has two amino acid chains 

connected to each other by disulfide linkages. When the two amino acid chains 

are split apart, the functional activity of the insulin molecule is lost.  

 

 

 
FIGURE 1: ISLETS OF LANGERHANS  
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SYNTHESIS OF INSULIN: 

 Initially a prepro insulin is synthesised in endoplasmic reticulum of the 

beta cells. This preproinsulin has a molecular weight of 11,500, it is then cleaved 

in endoplasmic reticulum into proinsulin with a molecular weight of 9000 

consisting of three peptide chains A,B and C. This proinsulin is cleaved in the 

golgi apparatus into insulin containing A and B chains connected by disulphide 

linkage and a C chain called connecting peptide. The A chain has 21 amino acids 

and the B chain has 30 amino acids. The C peptide has 33 amino acids. Both the 

insulin and C peptide are stored in the secretory granules and secreted in equal 

quantities(1).  The  estimation of C peptide level is an indirect measure  of the 

endogenous insulin secretion as insulin and C peptide are stored in vesicles and co 

secreted everytime. 

 

FIGURE 2: SYNTHESIS OF INSULIN FROM PROINSULIN 
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ACTIVATION OF TARGET CELL RECEPTORS BY INSULIN AND THE 

RESULTING CELLULAR EFFECTS 

 
 To initiate its effects on target cells, insulin first binds with and activates a 

membrane receptor protein that has a molecular weight of about 300,000. The 

activated receptor causes the subsequent physiological effects. 

 

 

FIGURE 3 : ACTIVATION OF TARGET CELL RECEPTORS BY 

INSULIN AND THE RESULTING CELLULAR EFFECTS 
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EFFECTS OF  INSULIN: 

 The best known effect of insulin is the hypoglycemic effect, but there are 

additional effects on amino acid and electrolyte transport, many enzymes, and 

growth. The net effect of the hormone is storage of carbohydrate, protein, and fat. 

Therefore, insulin is appropriately called the  hormone of abundance. 

 
 The actions of insulin can be divided based on the onset and duration of 

action into 

 
TABLE – 1 : PRINCIPAL  ACTIONS OF INSULIN 

 

Rapid(seconds) 

Increased transport of glucose, aminoacids and potassium into insulin- sensitive 

cells. 

Intermediate (minutes)  

Stimulation of protein synthesis 

Inhibition of protein degradation 

Activation of glycolytic enzymes and glycogen synthase 

Inhibition of phosphorylase and gluconeogenic enzymes 

Delayed (hours)  

Increase in mRNAs for lipogenic and other enzymes 
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COGNITIVE EVOKED POTENTIAL P300:  

 Cognitive evoked potential or event related potential P300 is  a cognitive 

neuroelectric phenomenon because it occurs when subjects attend to 

psychological tasks and discriminate stimuli that are different from each other. 

This discrimination produces a large positive waveform with modal latency of  

300 ms and an amplitude of about 10 to 20 μV .  Explanation for  P300  wave 

generation was first given 52 years ago as the basic information processing 

mechanism of attention allocation and immediate memory by Sutton, braren, 

Zubin and John. Interest in P300 as a means to assess cognitive function increased 

dramatically(25). 

 The most important and well researched component of the auditory event related 

potential is the P300. The P300 is elicited by a simple discrimination task the ‘odd 

ball paradigm’. In this two stimuli are presented in a random series so that one 

stimuli appears infrequently and that is the odd ball . In auditory stimulus two 

different tones are used and the frequency of the rare or target stimuli and the 

frequent or standard stimuli are in the ratio of 20% and 80% respectively. The 

subject should pay attention only to the target stimuli by counting mentally the 

number of times it appears. The subject should not respond to the standard 

stimuli. This task has been used to study a number of information processing 

issues.  

 
P300 is measured in alert subjects with their eyes open after averaging 30-

100 trials. P300 is measured by assessing the amplitude (size) and latency (timing) 

of it. Amplitude which is expressed in microvolt (μV) is the voltage difference 
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between the prestimulus baseline and the largest positive going peak in the ERP 

wave within a latency window which is 250-400 ms . The normal amplitude of 

P300 wave is about 10 μV.  But it can vary depending on stimulus modality, 

subject age, task conditions etc. Latency that is expressed in milliseconds is 

defined as the time taken from the onset of the stimulus to the occurrence of the 

maximum positive amplitude within its latency window. P300 scalp distribution is 

the change in component amplitude across midline recording sites like Fz, Cz, Pz, 

typical increase in magnitude is seen from the frontal to the parietal electrodes. 

Variation in amplitude from changing of task and subject has been used to learn 

about P300 neural generators. Temperoparietal junction is implicated in P300 

generation. P300 related event related potential activity recorded is a cortical 

process primarily. Whether P300 is a unitary event or a summation of several 

distinct process is still not resolved but evidences suggest that P300 stems from 

multiple neural sources (26).  

 
ALCOHOL DEPENDENCE AND P300 COGNITIVE EVOKED 

POTENTIAL: 

 Alcohol dependence individuals have increased latency and decreased 

amplitude in P300 event related potential recorded than the non dependent 

individuals. It has been found that the increased latency  and decreased amplitude 

of the event related potential  P300 persisted even after abstinence from 

alcohol(27,28).  
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 The hypothesis of this study is that the latency of the cognitive related 

potential P300 in alcohol dependence individuals will be prolonged compared to 

the non dependent individuals. The Insulin levels in alcohol dependent individuals 

will be higher than the non alcohol dependent individuals and that there will be a 

positive correlation between the  P300 latency and insulin levels. 

 

  



Review of literature 
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REVIEW OF LITERATURE 

 
                  Review of literature deals with alcohol dependence,  alcohol 

dependence and cognition, insulin and cognition, insulin as a cognition marker 

and the insulin level variation in alcohol dependence individuals. Alcohol 

dependence prevalence  and pattern of alcohol consumption in rural south india 

was studied among 9000 people in vanur village, Villupuram district of Tamil 

Nadu. Prevalence of alcohol use was found to be 9.4%. The prevalence was found 

to be  more among males (16.8%) and in females was (1.3%). It was also found 

that middle age, male gender, illiteracy, lower education levels and smoking were 

associated with alcohol use. Among the alcohol users 29.2% were hazardous 

drinkers, 33.7% had alcohol dependence and 56.2% experienced harmful effects 

based on Alcohol use Disorder identification Test (AUDIT) item analysis. It was 

concluded that prevalence of alcohol use was high among male gender.  Health 

education intervention and management of people with alcohol dependence would 

reduce the burden  of alcohol use in this area(29). 

                 

NEUROBIOLOGY OF ALCOHOL DEPENDENCE: 

 Alcohol dependence occurs as a result of strong stimulation of the reward 

pathway  in the central nervous system by the alcohol .  The final common 

pathway of  reinforcement and reward is the mesolimbic dopamine pathway -

reward circuit . This is considered as the pleasure centre and dopamine the 

pleasure neurotransmitter. Many natural ways are there to trigger this centre and 
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release dopamine like athletic and intellectual achievements , listening to 

favourite music and sexual orgasm. These are termed “natural highs”. The input to 

mesolimbic pathway that mediates these natural high are  naturally occurring 

substances in  brain the endorphins,  anandamide, acetylcholine  and dopamine .  

 
 The  psychotropic drugs of abuse cause the mesolimbic pathway to release 

dopamine,  in a manner more explosive and pleasurable than the naturally 

occurring way. These drugs bypass the brain's neurotransmitters and directly 

stimulate the receptors in  brain , causing dopamine  release. Since the brain 

already uses neurotransmitters  resembling drug of abuse,  reward need not be 

earned naturally, but  a much more intense reward in the short run and upon 

demand  can be obtained from a drug of abuse . Unlike  natural high,  drug-

induced reward causes such a high feeding of dopamine to postsynaptic limbic 

dopamine receptors that they  furiously crave even more drug to replenish 

dopamine once the drug stops working, leading one to be preoccupied with 

finding drug and thus beginning a vicious cycle of abuse, addiction, dependence  

and withdrawal.  

 
The reactive reward system: reward from the bottom up:  

 Addicted people act impulsively, automatically and obligatorily to cues 

that make them to seek and take more drugs.. The reactive reward system is 

powerful enough to signal immediate prospects of either pain or pleasure.  It 

provides motivation and behavioural drive from bottom up for ascending 
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mesolimbic dopamine pathway system as well as the amygdala and it’s  

projections to  both ends of mesolimbic dopamine pathway. 

 
 The reactive reward system pathologically learns to trigger the drug 

seeking behaviour and remembers how to do this when confronted by internal 

cues like craving, withdrawal and external cues like people, places and 

paraphernalia associated with past drug use . In substance abuse normal 

mechanisms of learning are hijacked and built into a brain disorder.  

 
 Amygdala  is an important site of reward learning. The dopamine neurons 

projecting from VTA to amygdala, develop adaptive changes in  amygdala  so that 

it not only has memory of pleasure from the drug, it also has memory of the 

associated environmental cues.   

 
 Once reward learning is conditioned in the amygdala, connections of the 

amygdala back to the VTA DA neuron communicate if there is  anything relevant 

to the previously rewarding drug abuse experience  detected . Connections of the 

amygdala with the nucleus accumbens tell  that emotional memories have been 

triggered by internal or external cues, and instruct to take action impulsively, right 

away, automatically, obligatorily, and without thought, almost as a reflex action, 

to find and take more drugs . The net result  is that the reactive reward system 

hijacks the entire reward circuitry when addiction has developed. Individuals in 

this state can no longer  base their decisions on long-term consequences of their 

behaviour.   
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The reflective reward system: reward from the top down 

 The reflective reward system is a complementary and in some ways 

competitive component of the reactive reward system  or  the "top down" 

component of reward circuitry . It  includes important connections from prefrontal 

cortex down to the nucleus accumbens. These connections are the first legs of 

cortico-striatal-thalamic-cortical (CSTC) loops.  

 
 Prefrontal projections from the orbitofrontal cortex may be involved in 

regulating impulses , whereas prefrontal projections from the dorsolateral 

prefrontal cortex (DLPFC) maybe involved in analyzing the situation, keeping 

some flexibility of choice in play, and regulating whether it is rational to take an 

action . Finally, the ventromedial prefrontal cortex (VMPFC) may try to integrate 

impulsiveness from OFC with analysis and cognitive flexibility from DLPFC with 

its own regulation of emotions, and come up with a final decision of what to be 

done . Additional input for such a final decision also comes from two areas the 

insula and sensory cortex, contributing feelings about prior experiences of reward 

and punishment, and the hippocampus, providing contextual information about 

the decision to be made. With all the inputs  integrated, the final output is either to 

stop the action that the reactive reward system is triggering (generally drug 

seeking), or to let it happen. The reflective reward system is built and maintained 

over time based upon various influences including neurodevelopment, genetics, 

experience, peer pressure, learning  social rules, and learning the benefits of 

suppressing current pleasure for more valuable future gain. 
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 The reflective reward system has the power to shape the final output of the 
reward system into long-term beneficial goal-directed behaviours, such as the will 

power to resist drugs. When fully developed and functioning properly, the 

reflective reward System can also provide the motivation for pursuing more 

naturally rewarding experiences such as education, accomplishments, recognition, 

financial benefits, Career development, enriching social and family connections, 

etc. 

 
 If the reflective reward system is well established , it is a good control 

mechanism in the individual. This reflective reward system will prevent a person 

from going into dependence and will also increase the resistance for response to 

the internal and external cues in the individual. Reflective reward system will 

have a control over the reactive reward system so that there is prevention of 

alcohol dependence (30). 

 

 

FIGURE 4: CORTICO STRIATO THALAMO CORTICAL LOOP 
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THE CORTICO STRIATO THALAMO CORTICAL LOOP : 

 The Cortico striato thalamo cortical loop is concerned with executive 

function and reflective reward system. This is the circuit for the reflective reward 

system that prevents addictive behaviour and helps in goal directed behaviour (30) . 

 

 

FIGURE 5: MESOLIMBIC DOPAMINE PATHWAY 

 
MESOLIMBIC DOPAMINE PATHWAY OF REWARD SYSTEM 

 Alcohol enhances the inhibitory neurotransmission at GABA synapses and 

decreases the excitatory neurotransmission at the Glutamate synapses. Through 

this mechanism alcohol mediates it’s CNS depressant effect. These effects of 

alcohol explain it’s intoxicating, amnestic and ataxic effects.   

 
 Alcohol’s reinforcing effects are mediated by it’s action on the mesolimbic 

reward circuitry. Alcohol has direct or indirect actions at opiate and cannabinoid 

synapses and receptors. The reactive reward system has the  ventral tegmental 
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area (VTA) the  site of dopamine cell bodies and the nucleus accumbens area 

where many neurotransmitters project and the amygdala  which has connections 

to  both  VTA and the nucleus accumbens. Alcohol enhances GABA 

neurotransmission in the VTA and it reduces the glutamate neurotransmission in 

both  VTA and nucleus accumbens. In addition, it causes direct or indirect 

stimulation of opiate and cannabinoid receptors in the nucleus accumbens  and 

VTA. 

 

 

 
FIGURE 6: ACTION OF ALCOHOL ON REWARD CIRCUIT 
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 Alcohol inhibit glutamate release by acting on the  presynaptic 

metabotrophic glutamate receptors (mGluR) and presynaptic voltage-sensitive 

calcium channels to inhibit glutamate release 

 
 It is also suggested that alcohol  may have  direct or indirect effects in 

reducing the actions of glutamate in  postsynaptic NMDA receptors and  mGlu 

receptors .The action of alcohol at GABA synapses is to enhance GABA release 

via blocking presynaptic GABA-B receptors. It also acts at postsynaptic delta 

subtype of  GABA-A receptors, that are responsive to neurosteroid modulation 

but not to benzodiazepine modulation, either via direct actions or by releasing 

neurosteroids . 

 
 Opiate neurons originate from  arcuate nucleus and project to the VTA,  it 

synapses on both glutamate and GABA neurons. Alcohol acting on opiate 

synapses produce the release of DA in the nucleus accumbens. This is done either 

directly by alcohol acting upon μ opiate receptors or by indirectly  releasing 

endogenous opiates like enkephalin. This is the rationale behind blocking  μ 

opiate receptors with antagonists like  naltrexone  in treatment of alcohol 

dependence. Alcohol also has action on presynaptic cannabinoid receptors in both 

glutamate and GABA synapses. This is the rationale behind testing cannabinoid 

antagonist rimonabant, which blocks CB1 receptors and  reduce alcohol 

consumption and  craving in alcohol dependenc but it has been withdrawn from 

market as it produces dangerous sideeffects like suicidality(30).  
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 Alcohol dependence causes both structural and functional defects in the 

brain.  The structural and functional  changes are seen  in the form of changes in 

prefrontal cortex and hippocampus which are areas very much associated with 

cognition, memorisation. In fMRI there is decreased glucose metabolism in these 

areas and there is glial hypertrophy in these areas. Even after cessation of drinking 

these changes do not revert (31,32). 

 
 Pfefferbaum et al compared macrostructural and microstructural integrity 

of the corpus callosum, in healthy controls with alcohol dependence individuals 

recruited from rehabilitation centres using conventional structural MRI and 

diffusion tensor imaging (DTI). They concluded that chronic alcoholism causes 

significant detoriaration in size and quality of the corpus callosum an important 

white matter  tissue . This deterioration persists atleast during the initial stages of 

recovery and contributes to deficits in working memory, visuospatial ability and 

gait and balance. The interaction of alcoholism and age exerts a combined 

deleterious effect on callosal microstructure and macrostructure. In yet another 

study by pfefferbaum et al in 1997, it was concluded that the greatest amount of 

cortical shrinkage in alcohol dependence patients  occurs in the frontal lobe which 

subserves working memory, reasoning and problem solving(33). 

 
 Fein et al in 2002 showed in their study that in comparison with controls, 

individuals with alcohol dependence had reduced whole brain, prefrontal cortices 

and parietal cortical gray matter (34).  
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 Steiner et al reviewed the impact of alcohol on glycemic control and 

insulin action from various research articlaes.  It was found that Positron Emission 

Tomography images in humans showed a reduction in brain glucose uptake after 

acute alcohol intoxication. Similarly rodent studies also showed  acute alcohol 

induced  inhibition of glucose uptake in several regions of brain. They concluded 

that alcohol decreases the basal uptake of  glucose in brain(35). 

 
COGNITION IN ALCOHOL DEPENDENCE: 

 Nowakowska et all showed in their study that alcohol dependence causes 

disorders of frontal functions namely working memory and executive functions. 

In their study they have compared   patients, immediately after alcoholic trance, 

that is those who had drunk liquor for, at least, three consecutive days within two 

weeks before the study and thirty seven patients who have been abstinent from 

alcohol for the past one year. They concluded that cognitive function disturbances 

were similar in both the alcoholic trance and the alcohol abstinent group as there 

were no statistically significant changes found between the results in both the 

groups (36).  

 
 A study was  conducted at Department of Adult Psychiatry of the Saint-

Luc Academic Hospital and  the alcohol dependence ward of the Clinique La 

RameAe (Brussels) to assess the recovery  of cognitive function in alcohol 

dependence individuals as there were varied different results in different studies. 

In this study they recruited about 41 alcohol dependence individuals from the 

study centre as cases and 41 healthy controls . The case group was treated with 
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benzodiazepines and was slowly tapered . The cases and control group were 

assessed at day 1 of treatment and day 18 of treatment. Questionnaires were given 

for assessing craving and affective states, neuropsychological tests were given to 

asses the cognitive functions. It was found that verbal fluency, cognitive 

flexibility and short term memory were not affected but the patients exhibited 

impaired inhibition and working memory on day 1. On 18th day of testing it was 

found that there was improvement in working memory whereas there was no 

recovery from the impaired inhibition. It was also found that there was 

improvements in motivational and emotional dimensions after detoxification but 

they were not comparable to the control group (37).       

 
 Goudriaan et al compared the neurocognitive function in alcohol 

dependence group, pathological gambling group, Tourette syndrome disorder and 

control group to find the specificity of the underlying neuro cognitive deficits. A 

cross sectional study was done by administering a comprehensive 

neuropsychological battery measuring executive functions as well as basic 

cognitive functions. The pathological gambling group and alcohol dependence 

group showed diminished executive functioning, suggesting a defect in the frontal 

lobe circuitry. The resemblance between the pathological gambling and alcohol 

dependent group suggests common neurocognitive etiology in these disorders(38). 
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INSULIN: 

 Synapse is the primary locus of cell to cell communication. Synapse has 

diverse cell signalling modalities in addition to the classical neurotransmission it 

does. CNS synapses has two components of insulin pathway, which are 

components of  post synaptic density (PSD).  Immunochemical screen in PSD 

fractions from rat cerebral cortex, hippocampus and cerebellum revealed that it is 

enriched in polypeptides of 58 and 53 kDa (p58/53). When this polypeptide 

p58/53 was purified and micro sequenced it was found that the polypeptide was 

identical to the insulin  receptor tyrosine kinase substrate p58/53 (IRSp53). When 

the IRSp58/53 mRNA was assessed it revealed that there was one coding region 

for IRSp58 and IRSp53, there was no evidence of alternative splicing. Hence it 

was demonstrated that IRSp58/53 is expressed in synapse rich molecular layer of 

cerebellum and cultured hippocampal neurons at the synapses showing high 

concentration, it localises with insulin receptor. Based on these data it was 

concluded that insulin signalling plays a major role at the  synapses (39). 

 
 GLUT4 is an insulin responsive glucose transporter, this study was 

conducted to extensively analyse the anatomical and ultrastructural localisation of 

these receptors in the central nervous system of rat brain to know the 

physiological role played by this transporter. It was observed in both light and 

electron microscopy that immunoreactivity for GLUT4 is localised mainly in 

somatodendritic portion of neurons and intracytoplasmic structures like cisterns of 

endoplasmic reticulum, ribosomal rosettes, golgi saccules and intracytoplasmic 

vesicles. Occasionally axon and nerve terminals are immunostained in some 
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regions of neocortex and ventricular surfaces. GLUT4 is most concentrated in 

motor areas like sensorimotor cortex, basal ganglia and related nuclei, cerebellum 

and deep cerebellar nuclei, reticular fields, motor nuclei of cranial nerves and the 

motor neurons of ventral horn of spinal cord. Some sensory nuclei has also shown 

presence of GLUT4 receptors, these are the areas in which exercise stimulates 

cerebral glucose utilisation. This gains importance in the context that this 

indicates insulin in the central nervous system might be involved in the 

translocation of GLUT4(37). GLUT4  is expressed in hypothalamus an area outside 

blood brain barrier, hence it is sensitive to circulating insulin that is there will be 

increased uptake of glucose in response to insulin. So it is also considered that 

insulin might play a role in regulating the blood glucose homeostasis in the body 

by sensing elevated blood glucose in the blood. The disturbance of this 

mechanism can occur in endocrine diseases associated with insulin resistance(40).  

 
 Memory  of an event is created by modifications of neuronal networks by 

long term potentiation and long term depression. Long term potentiation occurs 

when presynaptic neuron excites the post synaptic neurons in a prolonged and 

repetitive manner so that the depolaristion of post synaptic neuron is maintained 

for a long time.  The calcium input is increased and metabolic activities that are 

done by the cation are prolonged and thereby consolidation of memory occurs. 

 
 The compensatory  process for long term potentiation occuring in a post 

synaptic neuron is  long term depression, it leads to decreased  transmission 
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efficiency  so that the cell returns to previous excitatory level  and is ready for the 

next event to arrive for storage in memory. 

 
 The memory and learning process also needs remodelling of the dendritic 

spine  morphology and modifications in cytoskeleton that occurs during synaptic 

transmission. Glutamate as well as two of its receptors AMPA and NMDA is  

involved in this process, the neurotransmission here is regulated by the changing 

of the number of receptors in membrane or by covalent  modification of their 

subunit components. AMPA receptor density in post synaptic neuron is increased 

in long term potentiation and decreased in long term depression. The efficiency of 

the ionic channel in these receptors are increased by phosphorylation in long term 

potentiation and decreased by dephosphorylation in long term depression (41). 

 
 Insulin causes long term depression by reducing the AMPA receptors in 

the post synaptic neuron and thereby modulates glutamatergic transmission in 

neuron synapses. In the hippocampal neurons insulin induces phosphorylation of 

GluR2 subunit in AMPA receptors, leading to endocytosis and thereby a decrease 

in post synaptic excitability (42). 

 
 Insulin causes nitric oxide (NO) synthesis by activation of eNOS. Nitric 

Oxide Synthase inhibitors are known to inhibit learning and memory . In the study 

conducted on the Wistar male rats hippocampus to study the effect of N-nitro-L-

arginine methyl ester (L-NAME) it was found that L-NAME prevents insulin 

induced improvement in memory. So Nitric oxide has a role in spatial learning 

and memory improvement caused by insulin(43).              
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 Heavy alcohol consumption interferes with body defense that act against 

gut micobiota and its products and thereby cause systemic inflammation.  Chronic 

alcohol use impairs balance between the gut microflora, gut barrier and livers 

ability to detoxify these products . The balance of the cytokine milieu is disturbed 

and the brains ability to control inflammation is also reduced in chronic alcohol 

intake. This results in systemic inflammation. Not only the liver and gut of the 

host tissue is damaged  the brain is also damaged . The adaptive immunity in the 

body is interfered with leading to lymphocyte mediated inflammation and tissue 

injury.  This supports the theory that inflammation  might be the cause behind the 

cognitive dysfunction found in alcohol dependence individuals (44). 

 
 In a  review article about the link between inflammation, bugs, the intestine 

and the brain in alcohol dependence it was concluded that alcohol influences 

alcohol seeking,  behaviour and  psychological symptoms . Alcohol also affects 

the gut increasing the intestinal permeability (that is makes the gut leaky),  and 

altering the gut microbiota. The microbial components leak into the systemic 

circulation. These gut derived  microbial components are recognised by the 

immune cells in blood and target organs leading to synthesis and release of 

proinflammatory cytokines . These circulating cytokines are very important 

mediators  in the gut -brain communication as they can reach the central nervous 

system and bring about neuroinflammation that causes change in mood, drinking 

behaviour and cognition. This  inflammation affects the complex  neural , immune 

and endocrine pathways (45).  
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 Cognitive decline in the form of simple learning or memory functions will 

recover over time but problem solving skills, abstract reasoning and perceptual 

motor skills were found to be lower than non alcohol dependent individuals even 

after one year of abstinence from alcohol (46). 

 
 Changwoo Han et al studied the effect of insulin on cognitive functioning 

of alcohol dependent individuals. It was concluded that insulin is essential for 

cognitive functioning. In alcohol dependence due to the acute or chronic 

pancreatitis and  the increased demand for insulin secretion by β cells of pancreas,  

abnormalities in insulin secretion occur  and  leads to low levels of insulin. Low 

levels of serum insulin leads to slowness in cognitive functioning. He also 

concluded that alcohol dependent individuals with abnormalities in insulin level 

took three times longer to complete  Trail making B test which is a complex  task 

that involved set shifting. It was postulated that insulin related to glucose 

metabolism could be one of the important mechanism behind excessive alcohol 

drinking inducing neurodegenesis in patients with alcohol dependence (47). 

A randomized, double-blind, controlled trial  was done by Mc Intyre et al 

evaluating the effect of intranasal insulin on neurocognitive function in euthymic 

patients with bipolar disorder. It was found that intranasal administration of 

insulin indicated a significant improvement in the performance of  executive 

functions compared to placebo group, this emphasises the role of insulin in 

improving cognition (48). 
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 Many studies have concluded that  alcohol dependent individuals had 

cognitive impairment on evaluation even after an year of abstinence (49) . A study 

was conducted on post-mortem brain tissue of controls and chronic alcoholics 

received from the Australian Brain Donor Programs NSW Tissue Resource 

Centre. 6 post mortem brain tissues of documented  alcohol dependent  

individuals  and six post mortem brain tissues of controls who died of myocardial 

infarction were used. It was found that alcohol dependence leads to gliosis, 

neuronal loss, lipid peroxidation and DNA damage when compared with controls. 

Quantitative reverse transcription, polymerase chain reaction  studies were done 

and it showed decreased expression of insulin ,insulin receptor and  insulin like 

growth factor –II  receptor in anterior cingulated gyrus, and decreased expression 

of insulin , insulin like growth factor I and their corresponding receptors in the 

region of vermis. Competitive equilibrium binding assays revealed reduced 

specific binding to the insulin, IGF –I, IGF-II receptors in the regions of  anterior 

cingulate and vermis of brain tissues of alcoholics. There was associated reduction 

in choline acetyl transferase expression. Acetylcholine has important role in 

cognition. To synthesise acetyl choline, the enzyme choline acetyl transferase is 

needed. It was found in this study that choline acety transferase  mRNA gene was 

significantly reduced in the anterior cingulated and cerebellar vermis region in the 

alcoholics. So it was concluded that in humans neurodegeneration due to alcohol 

is by insulin and IGF resistance and attendant impairment of  acetyl choline 

homeostasis and neuronal survival mechanism(50).  
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 A study was done to evaluate the relationship between blood glucose levels 

and percentage of heavy drinking day during treatment. This study  had 1324 

participants. It was found that baseline blood glucose levels were elevated among 

the people with heavy drinking. On analysis it was found that the baseline blood 

glucose levels were significantly and positively correlated with percentage of 

heavy drinking per day. It was also assessed if the baseline blood glucose levels 

and percentage of heavy drinking per day contributed to the craving. Craving was 

assessed using obsessive compulsive disorder scale (OCDS scale)  . Both the 

obsessive as well as compulsive components were evaluated but no significant 

correlation was found between the above said variables (51). 

 
 In a study to determine the effect of alcohol on the metabolism of glucose 

and insulin , glucose and insulin were simultaneously infused for 150 mins in 

healthy volunteers once after ingestion of alcohol and the second time after 

ingestion of ginger ale(control). During alcohol intake the average steady state 

(between 100 and 150 min) glucose of 5.44+/-0.39 mmol/l  was found and 

average steady state of insulin was 6.3+/- 1.1 ng/ml. The above average steady 

state levels were higher than those measured in the control group with glucose 

being 4.0+/-0.39 mmol/l and insulin being 4.4+/- 0.6 ng/ml. There is a higher 

steady state of insulin concentration in the alcohol individuals inspite of this it can 

be noted that the glucose metabolism is less. These findings suggest that alcohol 

induced impairment seen in glucose metabolism is due to decreased tissue 

sensitivity to insulin(52). 
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COGNITIVE EVOKED POTENTIAL P300: 

 Long latency evoked potentials (EPs) are related to cognitive processing 

and are referred as cognitive EPs, event related potentials(ERP), P3, P300 and 

endogenous EP. The ERPs differ from short latency EPs by the following 

characteristics: 

 
1. Endogenous stimuli elicit event related potential, whereas short latency evoked 

potentials are evoked by the exogenous stimuli. 

2. Endogenous evoked potentials require attention and patients cooperation, 

whereas short latency evoked potentials can be evoked without patient’s 

cooperation , during sleep and under anaesthesia. 

3. Endogenous evoked potentials have longer latency , high amplitude and lower 

frequency in comparison to short latency evoked potentials.  

4. Endogenous evoked potentials are not influenced by frequency and intensity of  

the stimuli as opposed to the short latency evoked potentials (53). 

 
 The Event Related Potential (ERP) is a time-locked  measure of electrical 

activity of cerebral surface that represents cortical processing (54,55). It has 

excellent time resolution and gives information millisecond by millisecond. The 

P300 wave is a centeroparietal positivity that occurs when an individual detects 

informative task relevant stimulus. It is also  called the P3 wave as it is the third 

major positive peak in sensory evoked potential. P300 is divided into 2 components 

they are P3a and P3b. P3a is  a component of the frontal region and has a latency 
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from  220 to 280 milliseconds. P3a depicts automatic cognitive processing and 

orientation response.   

 
 P3b component has a cento parietal topography and longer latency between 

280 to 600 milliseconds. To elicit P3b the subject must reveal active discrimination 

of target stimuli from non target stimuli in odd ball paradigm by silently counting 

or pressing lever. P3b functional significance is more recognised than P3a.  P3b 

reflect immediate memory mechanism triggered when the mental schema of 

stimulus environment is updated and refreshed (56). 

 
 In studies on P300 it is centered on P3b measurement by either a visual or an 

auditory odd ball paradigm. In this an individual ignores the frequent stimuli and 

focuses and identifies the rare stimuli  that generates the P300 
(57).  

 
 The revision of mental representation produced by an incoming stimuli in 

the brain is recorded as P300.When a sensory input is presented attention driven 

comparison evaluates the representation of previous event in the working 

memory. If no stimulus brings  about change, the current mental representation 

will continue and sensory evoked potential will be produced. When a stimulus 

that brings about a change in mental schema, updating of the neural stimulus in 

working memory occurs and P300 is produced. This context updating hypothesis is 

the current basis given for P300. The event related potential clearly indexes 

fundamental attention and memory related operations (58,59). 
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TARGET TO TARGET INTERVAL: 

 Target to target interval gives the measure of how quick a resource may be 

redirected to processing of the new stimuli. So P300 may originate from working 

memory comparisons and conscious awareness may bring about the stimulus 

sequence effects. P300 measures depend on number of non target stimuli that 

precede a target stimuli  in the sequence and inter stimuli interval. The target to 

target interval stimuli also affects  the  P300. As the target to target interval 

increases with  the auditory  and the visual odd ball paradigm the amplitude 

increases but the latency decreases in P300 (60).  

 
P300 AMPLITUDE : 

 Amplitude is defined as the difference between  pre stimulus baseline and 

the largest going peak in ERP within the time window determined by stimulus 

modality, task conditions and subject age (61). P300 amplitude is measured over the central 

electrodes Fz , Cz, and  Pz , the amplitude increases in the electrodes in progression from 

anterior to the posterior electrodes(62). 

 
P300 LATENCY: 

 Latency is defined as the time from stimulus onset to point of maximum 

amplitude within the same time window(61). P300  latency indexes classification speed 

which is dependent and proportional to the time required to detect and process the target 

stimuli. P300 latency is shorter over the frontal electrodes than the parietal electrodes. 

Semantic compatibility task produces larger latency than spatial compatibility tasks. P300 

emerges from events that link stimulus perception with event response. 
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 Individual to individual  P300 difference arises from the mental speed such that 

shorter latency is a superior cognitive performance. The neuro psychological tests that 

assess cognitive capability also show correlation with P300, this depicts the speed with 

which people allocate attentional resources (63,64). P300 latency decreases as a child grows 

and increases due to normal ageing (65,66). P300 latency increases in dementia but the basis 

as to how brain insult or disease  prolongs P300 is not clearly understood. 

 
PHYSIOLOGICAL VARIATIONS IN P300 WAVE: 

1. Gender: 

 There is no statistically significant difference between male and female in 

ERP parameters (67). 

 
2. AGE: 

 The P300 latency decreases  and amplitude increases as a chid grows from 5 

to 12 years and then till 18 years of  age there is a slow decrease of  the latency 

and increase of the amplitude. After 18 years as the age of the person increases the 

latency increases and amplitude decreases. The graph below shows the 

relationship between P300 latency with age (68). 

 

FIGURE 7: CURVE DEPICTING P300 LATENCY WITH AGE 
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3. CIRCADIAN RHYTHM: 

 No statistically significant difference between day time and night time was 

appreciable but the level of arousal makes some variations (69). 

 
4. FOOD INTAKE:  

 P300 amplitude  decreases if food has not been consumed recently and 

amplitude increases with recent food intake. P300 latency is not much affected by 

intake of food (70).  

 
5. SEASONAL VARIATION:  

 Seasonal variation effect depends on the duration of day light as activity is 

more at this time due to increased arousal (71). 

 
6. MENSTRUAL CYCLE: 

 P300 amplitude is increased at the time of ovulation due to  stimulus  

interaction with hormones(72).  

 
7. EXERCISE:  

 Exercise increases intellectual  performance and thereby implies that 

energetic activities increase the cognitive function. Frequent physical exercise has 

facilitatory effects on mental performance (73). 

 
8. SLEEP DEPRIVATION:  

 P300 amplitude decreases and latency increases during onset of sleep and in 

sleep disorders due to variation in arousal (74). 
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9. DRUGS:  

 Caffeine affects more of  P300 amplitude than latency  depending on the 

state of the individuals arousal (75).  Tobacco affects P300 amplitude and latency by 

affecting the state of arousal, the degree depends on the dosage level and the task 

performed (76,77).  

 
10. INTRAINDIVIDUAL VARIABILITY:  

 Similar to other neurophysiological test  P300 also has certain variations 

when measured in the same individual at different times. In a study conducted on 

9 individuals it was seen that when two consecutive trials were given for P300 

there was 18 millisecond difference  in the latency. But when the trials were done 

with 2 to 4 weeks gap in between there was difference of 12 milliseconds in the 

latency (78). Contrary to this in a large study conducted on 100 subjects there was 

no statistically significant difference between the P300 amplitude and latency 

between two trials given. The correlation between the test and the retest of  P300 

latency within  session was 0.7 and the correlation between session that were 1 to 

2 weeks apart were 0.5 (79).  

 
OTHER VARIABLES AFFECTING P300: 

1. TASK: 

 Latency of P300 increases as the discrimination of task becomes harder.  If 

the subject is asked to attend to target stimulus the resulting P300 amplitude will be 

higher, compared to when such instructions are not given(80). 
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2. TECHNICAL PARAMETERS: 

 Stimulus intensity generally does not influence P300, however when high 

intensity is used P300 latency is reduced. P300 amplitude increases as the target 

stimulus frequency in global sequence decreases (81). A target stimulus if it is 

preceded by a target stimulus it results in low P300 amplitude, in comparison to a 

preceding stimulus being a non target stimulus . High pass filter of 1 HZ if used 

may decrease the P300 amplitude than a low frequency high pass filter (82). 

 
NEURO PSYCHOLOGY OF P3a and P3b: 

 P3a is produced by distracter stimuli inserted into standard sequence. 

Perceptually novel distracters like dog bark in between standard stimuli like tones 

it produces a shorter latency P300 in the frontal electrodes and it rapidly habituates. 

This is called Novelty P300 and it reflects frontal and hippocampal activity (83). 

 
 As novelty P300 amplitude decreases with repeated stimulus presentations, 

it may be more related to orienting response than P3b.  A non novel distractor that 

does not require response in a three odd ball paradigm, then it produces a  

“no – go” P300 is elicited. The P300 type no- go elicited has maximum amplitude in 

the central parietal areas so the no-go response  is linked with inhibition tasks. P3a 

has a central maximum and the P3b usually has a parietal maximum. Peak 

latencies for both the potentials is shorter over the frontal  than the parietal 

electrodes. 

 



37 
 

Non repeating stimulus define novel items whereas repeating stimulus 

events engage top down events engage top-down processing so that novelty P300 

and P3a may differ with respect to how attentional processes are engaged for 

distracter stimuli (84). 

 

 

FIG 8  : ELECTRODE PLACEMENT FOR P3 STUDY 

 
NEURAL ORIGINS OF P3a and P3b: 

 Although appreciable progress was made in the last 25 years, P300  neural 

P3a amplitude generators are still imprecisely delineated. Frontal lobe lesions 

cause decreased but the same patients have a parietal maximum of P3b. So for 

normal P3a generation the integrity of frontal and hippocampal area is 

necessary(85). P3b is generated from the medial temporal lobe. P3b correlates with 

hippocampal size relative to temporal lobe size. Tempero parietal lobe junction 

integrity is important for either transmission or generation process after 

hippocampal activity and contributes to P300 recordings at scalp. From this it can 
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be derived that the P3a and P3b are produced by a neural circuit pathway involving 

frontal and  temporal/parietal brain areas. 

 
 Discrimination between target and standard stimuli initiates frontal lobe 

activity which is sensitive to attentional demands induced by task performance.                                              

P3a is generated when stimuli are processed and  attentional foci is engaged.  P3b is 

produced when subsequent to attentional focus there is   memory operation in 

tempero parietal area (86). During a matching to sample task information  changes 

produced in frontal activation is shunted to infero-temporal structures that index 

task content updating for stimulus presentation. So it is derived that P3a and P3b 

are generated from activation of frontal and temporal /parietal areas. 

 
 Recent studies have used functional magnetic resonance imaging (fMRI) 

and magnetoencephalography for the generation of  P300. Combined ERP and 

fMRI study was done and based on this generation of P3a is attributed to frontal 

lobe and insula, whereas P3b is attributed to parietal and inferior temporal areas, 

this points to the distinct attentional subsystems in target and distracter 

processing(87). 
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NEUROPHARMACOLOGY OF P300: 

DUAL NEUROTRANSMITTER HYPOTHESIS: 

 The neurotransmitters underlying P300  genesis exactly is not clear but 

available research suggest that P3a being due to frontal focal attention and working 

memory is likely to be  associated with dopaminergic activity (88). Genesis of P3b 

is due to tempero-parietal process and is mediated by nor epinephrine activity(89). 

The locus- coeruleus- norepinephrine (LC-NE) activity underlies P3b generation in 

parietal cortex during Target detection task. The LCNE contributing to P300 

generation is in confirming with attention resource allocation and arousal related 

effects (90). 

 
CLINICAL RELEVANCE: 

1. Alzheimer’s disease: 

 In Alzheimer,s disease the  P300 amplitude is  smaller and latency is longer 

when compared with unaffected controls (91). P300 measures are relatively stable in 

Alzheimer’s  regardless of task or modality and can discriminate between 

Alzheimer’s disease and controls at the group level. The frequency of abnormality 

range from 30 to 80%. P300 is also useful in differentiating the behavioural 

abnormalities from psychiatric disturbances. P300 is abnormal in the patients with 

psychiatric disturbance as opposed to those with dementia 

 
2. Alcoholism: 

 In Alcoholism  P300 amplitude is reduced and P300 latency is prolonged(92). 

The  underlying  explanation usually  is that alcoholic patients exhibit arousal, 
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attentional and memory disturbances. P300 amplitude has been found to be reduced 

in family history of alcoholism and in subjects at high risk for alcoholism in 

comparison with the subjects at low risk (93). 

 
3. Schizophrenia 

 In schizophrenia decreased P300 amplitude has been found in comparison to 

controls because the task requires cognition which is impaired in these patients(94). 

The lower amplitude is mainly found over the left temporal region and is not due 

to the medication taken by the patients (95). The cause for reduced P300 is due to 

reduced volume of left-anterior  hippocampus , amygdala and left superior 

temporal gyrus (96). 

 
4. Depression: 

 Reduced P300 amplitude is due to information processing alterations 

localised on preparation, selection and motor processes prolonged reaction time 

rather than in the information processing evidenced by normal P300  latency. 

Statistically significant correlations have been found between P300 amplitude and 

suicidal risk scales (97). 

 
5. Post traumatic stress disorder: 

 Lower  P300  amplitudes have been found among  patients compared to 

controls who got exposed to the traumatic event but did not develop the 

disorder(98). 
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6. Panic disorder: 

 There is a loss in the capacity to integrate between  incoming information 

with a cognitive context . This leads to unpredictability of  P300 with a prolonged 

latency in P300
(99). 

 
7. Movement disorder: 

 In Parkinson disease associated with Dementia, P300 latency is prolonged 

compared to non demented Parkinson disease patients (100). This was both a group 

difference and an individual abnormality in 50%(101). A study on non demented 

patients with Parkinson disease showed shorter P300 latency on therapy (102). 

Parkinson Disease patients have shorter P300 latency  to novel and a more frontal 

distribution of P3  map . The reason behind this is reduced mental switching leads 

to lack of novelty in P3  distribution and is related to learning disability due to 

basal ganglia and frontal lobe dysfunction(103). 

 
 In multisystem atrophy Visual ERPs and MRI studies revealed significant 

prolongation of  P3  latency, reaction time and reduction of  P3 amplitude in  

compared to normal . P3 latency in multi system atrophy correlated with the 

cerebellar and pontine atrophy (104). In another study novelty P3  and target P3  

latencies were significantly prolonged and amplitude reduced in patients with 

multisystem atrophy. There was significant  negative correlation between P3  

latency and degree of postural hypotension , which was attributed to the frontal 

lobe dysfunction (105).  
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 P3 latency  following auditory  and visual tasks was significantly prolonged 

in Huntington disease (HD) patients. The P3  abnormalities occurs in about half 

the patients with HD (106).   

 
8. HIV INFECTION: 

 HIV patients complain of cognitive disturbance, which may be due to 

AIDS dementia complex, HIV associated encephalopathy or due to CNS 

opportunistic infections. In asymptomatic HIV patients there is low frequency of 

P3 abnormalities that may range from 0 to 30%. In symptomatic HIV patients P3 

abnormalities occur in 33-80% patients. The abnormalities include latency 

prolongation, reduction of amplitude or loss of waveforms. The P3 abnormality is 

frequent in visual compared to auditory tasks (107). In a longitudinal study , change 

in latency and amplitude was more frequent in highly active antiretroviral therapy 

group compared to mono, duo therapy or control group. The P3  abnormality 

inversely correlated with CD4 count (108).  

 
9. MENTAL RETARDATION: 

 P3 results in children should be matched as closely as possible in age , 

gender and other relevant variables for proper interpretation. In mental retardation 

the P3  studies revealed inconsistency patterns. In Prader–Willi syndrome there is 

attenuation of P3 
(109). Similar results are found in Down syndrome and Turner  

syndrome (110,111).   
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10. ATTENTION DEFICIT HYPERKINETIC DISORDER: 

 In attention deficit hyperkinetic disorder P3 amplitude at posterior 

recording site is reduced and anterior site augmented (112). This abnormality is 

reversed to a normal pattern recording after treatment with Methyl phenidate(113). 

 
11. AUTISM: 

 Autistic children have impaired processing of auditory and visual stimuli. 

Both latency prolongation and amplitude reduction are seen in the P3 recorded 

from these patients (114). 

 
12. NUTRITIONAL, TOXIC AND METABOLIC DISORDERS: 

 Impact of nutritional deficiency during early childhood, on cognitive 

development  was studied. Study was done with MRI and cognitive EP studies. 

There was significant increase in anteroposterior hemispheric asymmetry. P3 

latency was normal but the amplitude of P3 was higher  in the undernourished 

children compared to controls and this highlights the compensatory phenomenon 

following the nutritional deprivement during the early development(115).  

 
 Vitamin B12 deficiency result in neurobehavioural abnormality and even 

megaloblastic sadness. Cognitive abnormlity occur in 30 – 50% of patients with 

vitamin B12 deficiency and is usually associated with features of subacute 

combined degeneration. In a study on vitamin B12 deficiency neurological 

syndrome cognitive impairment as assessed by MMSE was reported in 50% 

patients and prolonged P3 latency in 45.5% patients(116). A detailed 
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neurobehavioural and clinical psychometry testing revealed dysfunction in fronto 

subcortical domain in 63.6% patients. Prolonged P3 latency was found in 30.8% 

patients. Following treatment with vitamin B12 neurobehavioural psychometric 

tests and P3  improved (117). 

 
 Organophosphate compounds produce well defined CNS muscarinic and 

nicotinic effects. Occupationally exposed workers revealed difference in 

psychometric testing but not in P3 latency and amplitude There was 27% 

inhibition of acetyl cholinesterase levels in organophosphate workers (118). 

 
The measurement and documentation of P300 in alcohol dependent people: 

 Costa et al in a study compared the amplitude of P300 between 393 alcohol 

dependent  and 170 non alcohol dependent adults while they performed a oddball 

visual task. They concluded that alcohol dependent individuals have significant 

frontal decrements of  P300 value compared to the non alcoholic individuals (28). 

 
 Arriero et al in their study compared 176 recently detoxified alcohol 

dependent male patients. Taql-A1 allele polymorphism genotyping was 

performed, P300 was measured using auditory odd ball paradigm.  The association 

between Taql-A and P300 was evaluated.  Taql-A allele was found among 38.6% 

of the patients. The latency of P300 among the patients was 361.64 milliseconds . 

The p300 latency among the alcohol patients were longer than the reference value 

from a sample of healthy men. Alcoholic male with Taql-A gene showed 

prolonged latencies than non carriers and control subjects(26). Patrick et al in 2006 

in a study concluded that acute alcohol intake reduces P300 amplitude (119). 
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 In a study conducted on age and gender matched  long term abstinent 

alcoholics and non alcoholic control group using visual P300 measurement, it was 

concluded that the amplitude of  P300  was less in long term abstinent alcoholics 

than non alcoholic group and the P300 latency was more in  long term abstinent 

alcoholics than non alcoholic group. The results were statistically significant and 

is very important as these were results of long term abstinent people who still had 

significant changes in the cognitive evoked potential (120). 

 
 The cognitive evoked potential P300 latency when measured using odd ball 

paradigm was found to be  increased and statistically significant among the  

25 alcohol dependent patients than the P300 latency measured among the   

25 nonalcoholic control group individuals(121). 

  



Aim and objectives 
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AIM AND OBJECTIVES 

 
AIM:  

 To correlate P300 values with  serum Insulin level in alcohol dependence 

individuals and to evaluate whether insulin can be kept as a  biomarker for 

cognitive functioning . 

 
OBJECTIVE: 

1. To measure the cognitive evoked potential P300 in alcohol dependence 

patients and control group. 

2. To measure serum Insulin levels in alcohol dependence patients and 

control group.  

3. To study if there is any decrement in the P300 in the alcohol dependence 

group compared to the control group. 

4. To compare if there is insulin level variation between  the alcohol 

dependence group and  the control group. 

5. To compare the P300 values with the serum insulin levels in the alcohol 

dependence group and  the control group to evaluate if insulin can be kept 

as a cognition marker in alcohol dependence patients. 

 

  



Materials and Methods 
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MATERIALS & METHODS 

 
METHODOLOGY (MATERIALS & METHODS): 

 The study was conducted in the Institute Of Physiology and Experimental 

Medicine of Madras Medical College and psychiatry department of the Rajiv 

Gandhi Government General Hospital,  between September 2016 and February 

2017  after obtaining approval from the Institutional Ethics Committee (IEC) at 

the Madras Medical College, Chennai-3. 

 
STUDY DESIGN : Cross sectional study 

Subject Selection: 

 Total of 66 males in the age group of 18-50 years were screened for 

participation in the study. Thirty healthy  men in the age group of 18-50 years,  

who are non diabetic and do not consume alcohol were taken as control group.  

Out of thirty six  male patients  screened for participating in the study six of them 

were rejected as two  of them  had type 2 Diabetes mellitus and the other four 

patients had chronic pancreatitis,  cirrhosis of liver,  history of  head injury and 

history of bipolar disorder. So thirty men who are in the age group of 18-50 years, 

non- diabetic and satisfy  the alcohol dependence criteria of  ICD 10 is selected as 

case group. In total  sixty men  in the age group of  18-50 years  were selected for 

the study.           
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Inclusion Criteria: 

 Thirty  patients – non diabetic men  who satisfied the criteria for alcohol 

dependence according to ICD 10 in the age group of  18-50 years will only be 

taken as case group. 

 Thirty  non alcohol consuming and non diabetic men in the age group 18-50 

years were  taken as  controls  from general population 

 Educated for a minimum of five years . 

 Normal hearing ensured by history and testing. 

 Alcohol dependent patients who are abstinent atleast for a week are only taken 

in the case group. 

 Subjects who gave  informed consent were only included in the study. 

 
Exclusion Criteria: 

 Type I Diabetes mellitus,  Type II Diabetic mellitus , subjects were screened 

by taking fasting and post prandial blood sugar, those with blood sugar in the  

diabetic range were excluded from the study. 

 Mental retardation 

 History of any other Psychiatric illness 

 Neurological or medical  illness that could affect cognitive functioning. 

 H/O head injury with loss of consciousness 

 H/O other substance dependence 

 H/o intake of Benzodiazepine or other drugs that could impair cognition. 
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 Sixty men of age group between 18-50 yrs were included in the study.  

Thirty  non diabetic alcohol dependence patients  from the Psychiatry OP of the 

Rajiv Gandhi Government General Hospital were selected based on the  inclusion 

and exclusion criteria and were taken as case group.  Thirty healthy non alcohol 

consuming , non diabetic people satisfying the inclusion and exclusion criteria 

were taken as the   control group. 

 

 
 

FIGURE 9: SUBJECT SELECTION 

 
  

66 individuals 
screened            

(18-50 years)

60  participants 
were selected   
(18-50 years)  

30 cases 30 controls

6 patients were 
excluded as they did 
not meet the criteria
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ELECTROPHYSIOLOGICAL ASSESMENT 

P300 EVENT RELATED POTENTIAL    

 The participants in the study were  informed to have a hair wash on the day 

of  doing the event related potential P300.  After explaining the procedure of the 

P300 in detail, clarifying the doubts and obtaining informed consent, P300  

auditory event related potential was measured in the patient and control group at 

the research lab in Rajiv Gandhi Government General Hospital . An initial trial 

was given for the patient so that they can identify the target stimuli easily. The 

event related potential is recorded using the  MEDICAID Physio-pac 2 channel 

neurostim machine  . The event related potential P300 is recorded while performing 

an odd ball paradigm 

 
 It was explained to the subjects that they will be presented with two types 

of auditory stimuli in the testing, a nontarget stimuli and a target stimuli through 

head phones in both of their ears. The auditory stimuli were of pure tone type  

presented at the rate of  for 1.25 s , a total of 100-150 stimuli are given. Each 

stimuli duration was 100 ms and with an intensity of  70 db.  The non target 

stimuli and the target stimuli presented  in the ratio of 80% and 20%  . The stimuli 

that the participants did not respond to will be rejected and the rest of the waves 

for the target stimuli will be taken up for calculating the P300. Initial demonstration 

is given before the test is done . P300 is assessed interms of its latency and 

amplitude. Latency is taken as the time from the stimulus application to the onset 

of response it is usually between 250- 400 milliseconds.  Amplitude is the 
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measure between the prestimulus baseline and the larget positive peak in event 

related potential in the latency window of 250 – 400 milliseconds. The amplitude 

is usually of 10 μV value in normal individuals.  It is the P3b component of the P3 

wave that is considered extensively for measuring cognitive evoked potential , so 

this was measured at Pz .  The reference , ground and active electrodes were 

placed according to the 10-20 international system of electrode placement. 

 

 

FIGURE 10: P300 WAVE GENERATION BY TARGET STIMULI  AND 

WAVES GENERATED BY BACKGROUND STIMULI 
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ESTIMATION OF FASTING BLOOD SUGAR LEVELS:  

 
SAMPLE COLLECTION AND STORAGE: 

 
 The patients were asked to come in fasting state for blood sample 

collection. The antecubital vein is chosen for withdrawing blood . About 3ml of 

blood was withdrawn using a hypodermic needle and the blood was transferred 

into a clot activator tube. The sample is then taken to the biochemistry 

department. Then the sample is  centrifuged at 3000 rotations per minute for ten 

minutes . The superficial serum is then collected by a micropipette and transferred 

into an ependorf tube. This ependorf tube is closed tightly and is stored in the 

Deep freezer at -20 degree Celsius at the research lab of Institute of Physiology 

and Experimental Medicine at  Rajiv Gandhi Government General Hospital. All 

the samples were collected in this method.  

 
 Estimation of serum fasting blood glucose levels was done by 

Electrochemiluminesence immunoassay method using Roche Diagnostics Cobas 

GLU HK Gen .3 kit that contains invitro diagnostic reagent system . The test was 

done at  the central lab of the Institute of Biochemistry at Rajiv Gandhi 

Government General Hospital, Madras Medical College , Chennai. 
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PRINCIPLE OF THE TEST: 

 In electrogenerated chemiluminescence, the electrochemically generated 

intermediates undergo a highly exergonic reaction to produce an 

electronically excited state that emits light. 

 It is an enzymatic reference method with the enzyme  hexokinase. 

 Hexokinase catalyzes phosphorylation of glucose to glucose-6-phosphate 

by ATP. 

 In the presence of NADP,  Glucose-6-phosphate dehydrogenase oxidizes 

only glucose-6-phosphate to gluconate-6-phosphate and no other 

carbohydrate is oxidized. The rate of the formation of NADPH  during the 

reaction is directly proportional to the glucose concentration present  and is 

measured  photometrically. 

 
 Reagents Required: 

 R1: MES buffer: 5.0 mmol/L,  pH 6.0;  Mg2+ : 24 mmol/L;                         

ATP: ≥ 4.5 mmol/L;   NADP: ≥ 7.0 mmol/L;  preservative. 

 R2: HEPES buffer: 200 mmol/L, pH 8.0; Mg2+: 4 mmol/L;                            

HK (yeast):≥ 300 μkat/L; G-6-PDH (E. coli): ≥ 300 μkat/L; preservative. 

 
Assay Procedure: 

 After calibration and controls had been measured, the test samples of both 

the case and control group  were loaded on to the Cobas Analyser and the 

estimation of glucose levels were ordered in the host computer system. When the 
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analysis was complete, the results were obtained from the computer and noted 

down. 

 
ESTIMATION OF THE FASTING SERUM INSULIN LEVELS: 

SAMPLE COLLECTION AND STORAGE: 

 The patients were asked to come in a fasting state for the sample collection. 

Under strict aseptic precautions about 3ml of  blood sample was withdrawn from 

the antecubital vein into a clot activator tube  . This sample was taken to the 

biochemistry department the blood was centrifuged and superficial serum 

collected from the subject and was centrifuged at 3000 rotations for 10 minutes, 

then the separated serum is taken by a  micropipette and stored in an ependorf  

tube. The ependorf  tube was stored in a deep freezer at -20 degree Celsius. After 

collection of all the samples , estimation of serum fasting insulin levels was done 

by Electrochemiluminescence method using the Roche Diagnostic Insulin kit. The 

test was done at the central laboratory of the Institute of Biochemistry at the Rajiv 

Gandhi Government General Hospital, Madras Medical College, Chennai. 

 
Test Principle: 

 The principle employed is the Sandwich principle and the total duration of 

assay is 18 minutes. 

 In the 1st  incubation period insulin from 20 μL sample then  a biotinylated 

monoclonal  insulin�specific antibody, and a monoclonal insulin�specific 

antibody that is  labeled with a ruthenium complex form a sandwich 

complex. 
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 In the 2nd  incubation period  the complex becomes bound to the solid 

phase via interaction of biotin and streptavidin after the  addition of 

streptavidin-coated microparticles,  . 

 The reaction mixture obtained is then aspirated into the measuring cell 

where the microparticles are magnetically captured onto the surface of the 

Electrode and the unbound substances are then removed with      

ProCell/ProCell M.  Application of a voltage to the electrode then induces 

          chemiluminescent emission from the microparticles  which is measured by    

     photomultiplier. 

 Results are determined by a calibration curve. This is instrument 

specifically generated by a 2-point calibration and a master curve provided 

by  the reagent barcode. 

 
Reagents Required: 

 M Streptavidin-coated microparticles (transparent cap), 1 bottle, 6.5 mL: 

          Streptavidin-coated microparticles 0.72 mg/mL;   preservative. 

 R1 Anti-insulin-Ab~biotin (gray cap), 1 bottle,  10 mL: 

          Biotinylated monoclonal anti-insulin antibody (mouse) 1 mg/L; MESb) 

          buffer 50 mmol/L, pH 6.0; preservative. 

 R2 Anti-insulin-Ab~Ru(bpy) (black cap), 1 bottle, 10 mL: 

           Monoclonal anti-insulin antibody (mouse) labeled with ruthenium 

complex 1.75 mg/L;  MES buffer 50 mmol/L, pH 6.0; preservative. 

  



56 
 

 
 
Assay Procedure: 

 After calibration and controls had been measured, the test samples of the 

cases and controls  were loaded on to the Cobas Analyser and the estimation of 

serum insulin was  ordered in the host computer system. When the analysis was 

complete, the results were  obtained from the computer and noted down. . 

 
 
5) RESULTS 

Statistical Analysis Plan:  

 The data analysis was done using SPSS VERSION 21 software. The 

analysis includes both the comparison of the values of the same variable between 

the case and the control group and the correlation between the variables within the 

group. The following statistical plans were used. 

 
 
COMPARISON BETWEEN GROUPS: 

UNPAIRED STUDENT ‘T’ TEST:  

 For comparing the age, event related potential P300 latency , amplitude, the 

serum insulin level and fasting blood sugar values between the case and the 

control group the unpaired student “t” test was used. 
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CORRELATION BETWEEN VARIABLES WITHIN THE GROUP 

PEARSON’S CORRELATION: 

 For correlation of variables within the group that is correlation between the 

event related potential P300 latency and serum insulin level  and also the 

correlation between the P300 amplitude and serum insulin levels –Pearson’s 

correlation was used. The correlation was done for the above said variables both 

in the case and the control group. 

 

  



Results 
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RESULTS 

 
 This is a cross sectional study  conducted on two groups. One group is a  

study group containing alcohol dependence patients, the other group is a healthy 

volunteer group. Total of 60 participants were there of which 30 person were in 

the study group and the other 30 person were in the control group. The results of 

the cases and control group are discussed here. 

 

BASIC PARAMETERS OF THE CASE AND THE CONTROL GROUP  

TABLE 2 : BASELINE PARAMETERS 

S.NO VARIABLE 
MEAN ± SD 

CASE 
GROUP 

CONTROL 
GROUP 

1 AGE ( in years) 38.1 ± 7.15 39.2 ± 6.82 

2 P300 LATENCY (in ms) 358.78 ± 8.89 340.19 ± 4.53 

3 P300 AMPLITUDE (in μv) 6.31 ± 1.8 9.5  ± 1.4 

4 FASTING SERUM INSULIN 
LEVELS (in μu/ml) 13.26 ± 12.81 6.18 ± 3.34 

5 FASTING BLOOD SUGAR 
LEVELS (in mg/dl) 93.7 ± 12.1 68.13 ± 8.41 

 

           The base line parameters discussed in the study are given with the mean 

and standard deviation in Table 2. 
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COMPARISON BETWEEN THE AGE OF CASE AND CONTROL 

GROUP 

 

TABLE- 3 

AGE IN 
YEARS 

GROUP N MEAN STANDARD 
DEVIATION p- VALUE 

CASES 30 38.1 7.15 

0.544 

CONTROL 30 39.2 6.82 

p < 0.05 is only significant. 

         

The comparison of the mean of the  ages between the case and the control 

group is given in table- 3   and Graph-1.  The mean age of the case group is 38.1± 

7.15 and  the control group is 39.2 ± 6.82. We can see that there is no statistical 

difference between the ages of  the case and control groups as the p-value is more 

than 0.05. 
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COMPARISON OF P300 LATENCY BETWEEN THE CASE AND THE 

CONTROL GROUP 

 

TABLE- 4 

P300  LATENCY 
IN 

MILLISECONDS 

GROUP N MEAN STANDARD 
DEVIATION p- VALUE 

CASES 30 358.78 8.89 
0.0001** 

CONTROL 30 340.19 4.53 

**p- value: 0.0001  - Extremely statistically significant. 

 

The comparison between the means of the P300 latency between the case 

and control group is given in table- 4  and graph- 2 . The mean latency of the case 

group was 358.78 ± 8.89 and the control group was 340.19 ± 4.53.   There is 

extreme statistical significance between the case and the control group P300 

latency  as the       p- value is 0.0001. 
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COMPARISON BETWEEN THE P300 AMPLITUDE IN THE CASES AND 

CONTROLS 

 

TABLE – 5 

P300  
AMPLITUDE 

IN 
MICROVOLTS 

GROUP N MEAN STANDARD 
DEVIATION p- VALUE 

CASES 30 6.31 1.8 

0.0001** 

CONTROL 30 9.5 1.4 

**p -value:  Extremely statistically significant. 

 

 The comparison of the mean P300 amplitude between the case and control 

groups is given in the table-5 and the graph-3 . The mean P300 amplitude  in the 

case group is 6.31 ± 1.8 and in the control group is 9.5 ± 1.4.  It is clearly seen 

that there is extreme statistical significance between the case and the control 

group as the   p- value is 0.0001. 
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COMPARISON BETWEEN THE SERUM INSULIN VALUES OF THE 

CASE AND THE CONTROL GROUP 

 

TABLE- 6 

SERUM 
INSULIN 
IN μu/ml 

GROUP N MEAN STANDARD 
DEVIATION p-VALUE 

CASES 30 13.26 12.81 

0.0049** 

CONTROL 30 6.18 3.34 

**p- value- very statistically significant. 

  

 The comparison between the means of serum insulin in the case and the 

control groups is given in the table- 6   and the graph-4. The mean serum insulin 

value of the case group is 13.26 ± 12.81 and in the control group is 6.18 ± 3.34.  It 

can be seen that the comparison is very statistically significant as the p-value is 

0.0049. 
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COMPARISON BETWEEN THE BLOOD SUGAR VALUES IN THE 

CASE AND THE CONTROL GROUP 

TABLE – 7 

BLOOD 
SUGAR IN 

mg/dl 

GROUP N MEAN STANDARD 
DEVIATION p-VALUE 

CASES 30 93.7 12.1 

0.0001** 

CONTROL 30 68.13 8.41 

**p-value: Extremely statistically significant. 

 

 The means of the case and the control groups are compared in the table- 7 

and Graph- 5 . The mean of the fasting blood sugar value of the case group is 93.7 

± 12.1 and the control group is 68.13 ± 8.41. The p-value is 0.0001 , this shows 

that there is extreme statistical difference on comparison between the fasting 

blood sugar levels of the cases and control group. 
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GRAPH 1: COMPARISON OF MEAN AGE BETWEEN THE CASE AND 

THE CONTROL GROUPS 

 

 

GRAPH 2: COMPARISON OF MEAN P300 LATENCY BETWEEN THE 

CASE AND THE CONTROL GROUP 
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GRAPH 3: COMPARISON OF MEAN P300 AMPLITUDE BETWEEN THE 

CASE AND THE CONTROL GROUP 

 

 
GRAPH 4: COMPARISON OF MEAN SERUM INSULIN BETWEEN THE 

CASE AND THE CONTROL GROUP 
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GRAPH 5: COMPARISON OF MEAN FASTING BLOOD SUGAR 

VALUES BETWEEN THE CASE AND THE CONTROL GROUP 

 

 

CORRELATION BETWEEN THE P300 LATENCY AND THE SERUM 

INSULIN LEVELS IN THE CASE GROUP 

TABLE- 8 

VARIABLE CORRELATION P300 LATENCY 

SERUM INSULIN 
LEVEL 

PEARSONS 
CORRELATION 0.794 

 P value 0.00001 

P value : Extremely statistically significant 

 

  

93.7

68.13

0

10

20

30

40

50

60

70

80

90

100

cases controls

Bl
oo

d 
Su

ga
r (

m
g/

dl
)

Fasting blood sugar in mg/dl



67 
 

 

 The correlation between serum insulin and P300  latency in the case group is 

given in table - 8 and  graph - 6.  The correlation between serum insulin level and 

P300 latency of the case group  shows a strong uphill linear relationship as the  

R value is > 0.70. The correlation is extremely statistically significant because the             

p value for the R is 0.00001.  

 
CORRELATION BETWEEN THE P300 AMPLITUDE  AND THE SERUM 

INSULIN LEVELS IN THE CASE GROUP 

TABLE- 9 

VARIABLE CORRELATION P300 AMPLITUDE 

SERUMINSULIN LEVEL PEARSONS 
CORRELATION -0.819 

 p-value 0.00001 

p-value : Extremely statistically significant 

 

 The correlation between the serum insulin and P300  amplitude in the case 

group is given in table- 9 and graph- 7. The correlation between the serum insulin 

level and P300 amplitude of the case group shows a strong  down hill negative 

correlation as the R value is -0.70.  The correlation between the two variables is 

extremely statistically significant because the p value for the R is 0.00001. 
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CORRELATION BETWEEN THE P300 LATENCY AND THE SERUM 

INSULIN LEVELS IN THE CONTROL GROUP 

TABLE-10 

VARIABLE CORRELATION P300 LATENCY 

SERUMINSULIN 
LEVEL PEARSONS CORRELATION 0.572 

 P value 0.0009 

P value : Extremely statistically significant 

 

 The correlation between the P300 latency and serum insulin  in control 

group is given in table -10 and graph -8. The correlation between P300 latency and 

the serum insulin level in control group shows a moderate  uphill positive 

correlation as the R value is 0.50. The correlation between the two variables is 

highly statistically significant as the P value is 0.002. 
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CORRELATION BETWEEN THE P300 AMPLITUDE  AND THE SERUM 

INSULIN LEVELS IN THE CONTROL GROUP 

TABLE- 11 

VARIABLE CORRELATION P300 AMPLITUDE 

SERUM INSULIN LEVEL PEARSONS 
CORRELATION -0.389 

 p-value 0.034 

p-value <0.05 STATISTICALLY SIGNIFICANT 

 

 The correlation between P300 amplitude and serum insulin level is given in 

table- 11 and graph- 9.  The correlation between the variables P300 amplitude and 

serum insulin level shows a moderate down hill linear relationship as the R value 

is -0.389. The correlation between the two variables is statistically significant as 

the p-value is < 0.05. 
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GRAPH 6: CORRELATION BETWEEN THE P300 LATENCY AND THE 

SERUM INSULIN LEVELS IN THE CASE GROUP  

 

 

GRAPH 7: CORRELATION BETWEEN THE P300 AMPLITUDE  AND 

THE SERUM INSULIN LEVELS IN THE CASE GROUP
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GRAPH 8: CORRELATION BETWEEN THE P300 LATENCY AND THE 

SERUM INSULIN LEVELS IN THE CONTROL GROUP 

 

 
GRAPH 9: CORRELATION BETWEEN THE P300 AMPLITUDE  AND 

THE SERUM INSULIN LEVELS IN THE CONTROL GROUP 
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DISCUSSION 
 

 This study showed that there was prolongation of P300 latency and decrease 

in P300 amplitude among alcohol dependence patients. The serum insulin level had 

significant  correlation with  P300  and hence can be  used as a cognitive marker in 

alcohol dependence. 

 
 The study was conducted at the Department of psychiatry  of  Rajiv Gandhi 

Government General Hospital,  Madras Medical College. 60 male  participants 

between the age group of 18 – 50 years  were evaluated in the study. 30 non 

diabetic men who met the ICD 10 criteria for alcohol dependence and inclusion 

criteria  were taken as the  study group . 30 non diabetic healthy male between 18 

and 50 years of age  who did not meet the ICD 10 criteria for alcohol dependence 

were taken as control group.  

 
 Both these groups were age matched to prevent confounding bias . The 

mean age of the  case and the control  group were 38.1 ± 7.15and 39.2 ± 6.82. The 

p value on comparing the means of the two groups was 0.544, as the p value is 

>0.05 this clearly shows that  there is  no significant difference between the age 

groups of the cases and the controls. 
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COMPARISON OF P300 LATENCY BETWEEN THE CASE AND THE 

CONTROL GROUPS: 

The event related potential P300 was measured in both the cases and the 

control groups . The mean of the P300 latency for the case  group was 358.78 ± 

8.89 whereas the mean latency for the control group was 340.19 ± 4.53 . By 

unpaired ‘t’ test the calculated p value was 0.0001 which shows that there was 

extreme statistical significance between the case and the control group. The P300 

latency in the case group (alcohol dependence) was prolonged than that of the 

control group (non alcohol dependent) . The P300 latency is a measure of the 

classification (of stimulus) speed that is the time taken to detect and process a 

stimulus. The shorter the latency the superior the cognitive performance. So the 

latency prolonged in the case group shows that the cognitive performance is 

affected in the alcohol dependence patients . This prolonged P300 latency finding 

in this  study is consistent with the study by Jimenez et al , fein et al and  

kim et al (119,120,121).  

 

COMPARISON OF P300 AMPLITUDE BETWEEN THE CASE AND THE 

CONTROL GROUP: 

 The mean of the P300 amplitude in the case  and the control  groups were 

6.31 ± 1.8 and the 9.5  ± 1.4 respectively. The p value calculated to find the 

statistical significance between the groups  turned out as 0.0001. This p value 

denotes that there is extreme statistical significance between the amplitudes of the 
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study  and the control group. The P300 amplitude is larger in the control group than 

in the case group. P300 amplitude reflects the neural activity related to memory 

that is when a new stimulus is compared with the existing memory. The amplitude 

reflects the strength of the memory formed during the encoding and the storage 

process that varies with the serial position sequence in recognition tasks. So the 

larger the amplitude the better the cognitive performance. The finding in this 

study  is that the amplitude in the case  group is less than that of the control group. 

This goes to show that the cognitive performance of the case group (alcohol 

dependence group) is inferior to the cognitive performance of the control group 

that is there is cognitive dysfunction in the alcohol dependence people. This 

finding in this study is consistent with the findings in the studies of costa et al and  

Fein et al (28,120).  

 

COMPARISON BETWEEN SERUM INSULIN LEVELS OF  THE CASE 

AND THE CONTROL GROUP 

 The mean serum insulin values of the case  and the control group are 13.26 

± 12.81 and  6.18 ± 3.34 respectively.  The p value calculated by unpaired ‘t’ test 

is 0.0049. As P value is less than 0.05, this denotes that  there is a statistical 

significant difference between the insulin values of the study  and the control 

group. Hyperinsulinemia in non diabetic patients by itself causes cognitive decline  

by causing micro and macrovascular damage. Chronic elevated insulin level 

causes secretion of  cortisol. Hypercortisolemia results in decreased volume of 

hippocampus and decreased  regional cerebral glucose metabolism.  
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Hyperinsulinemia as such also contributes to elevated levels of inflammatory 

mediators like Interleukin- 6 (IL-6) and C-Reactive Protein (CRP). This 

inflammatory mediators might cause neuronal pathology . It can be said from this  

that hyperinsulinemia in alcohol dependence is a cause for cognitive decline.  This 

finding of hyperinsulinemia in alcohol dependence patient is in consistence with 

the study findings of  Han et al and Okerke OI (12,20). 

 

COMPARISON OF FASTING BLOOD SUGAR LEVEL BETWEEN THE 

CASE AND THE CONTROL GROUP 

The  mean fasting blood sugar values of the case  and the control group are 

93.7 ± 12.1 and 68.13 ± 8.41 respectively. The mean fasting blood sugar value of 

the case (alcohol dependence) group is higher than that of the control group. The 

p value calculated for the fasting blood sugar values by unpaired ‘t’ test is 0.0001, 

so the difference in the fasting blood sugar values between the two  group is 

extremely statistically significant. The  alcohol dependence people without 

diabetes tend to have higher blood sugar values than non alcohol dependent 

people. This high blood sugar level predisposes the alcohol dependence people to 

diabetes . This finding is in consistence with the study findings of Lorenzo et al 

and shah (51, 52). 
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CORRELATION BETWEEN THE P300 LATENCY ANS SERUM INSULIN  

IN THE CASE GROUP  

The correlation between the P300 latency and serum insulin of the case 

group was done to determine if there was  a correlation between the two variables. 

The correlation was done using the Pearson’s correlation test. The r - value was 

calculated and it was found to be 0.794 . This suggests a strong positive linear 

relationship between the two variables.  The P value calculated for the r- value is 

0.00001. From  the positive correlation obtained  it can be understood that 

whenever the P300 latency increases the serum insulin value also increases. The p 

value obtained shows that there will be hyperinsulinemia in alcohol dependence 

patients whenever there is a prolonged P300 latency. P300 estimates the speed of 

processing a stimulus and is an established cognitive marker for alcohol 

dependence patients as confirmed by the studies of Kim et al and Arriero et al. As 

there is a strong correlation between P300 latency and serum insulin level in 

alcohol dependence patients, it can be derived that  serum insulin can be taken as 

a cognitive marker in alcohol dependence patients. 

 

CORRELATION BETWEEN THE P300 AMPLITUDE AND SERUM 

INSULIN  IN THE CASE GROUP  

 The P300 amplitude and serum insulin level in the case groups were 

correlated to find if there is a relationship between the two variables. The 

correlation was done by Pearson’s correlation. The r- value obtained was -0.819 , 
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revealing that there is a strong negative linear relationship  between the P300 

amplitude and serum insulin levels in the case group. The P value calculated 

between the two variables is 0.00001.  The negative r- value means that the two 

variables move in the opposite direction. That is whenever the P300 amplitude 

decreases  the serum insulin level increases. The P300 amplitude is a measure of 

the strength of the memory formed during encoding and storage that varies with 

the serial position sequence in recognition tasks. The P300 amplitude is a measure 

of the cognitive performance . So the larger the amplitude the better the cognitive 

performance. The P300 amplitude in the case group is less as there is cognitive 

defect in alcohol dependence people. This finding in the study is consistent with 

the findings of Fein et al and costa et al (28,120). As the P300 amplitude and serum 

insulin has a strong negative correlation it can be safely said that serum insulin 

level can be used as a marker for cognition in the alcohol dependence group. 

 

CORRELATION BETWEEN THE P300 LATENCY ANS SERUM INSULIN  

IN THE CONTROL GROUP  

 The correlation between the P300  latency and the serum insulin level was 

done to find if at all there is a relationship between the two variables in the 

general population. The correlation was done using Pearson’s correlation.  

The r- value calculated is 0.572 and the p- value is 0.0009. The r-value shows that 

there is a strong positive linear  relationship between the two variables. As there is 

a positive correlation both the variables move in the same direction. From this we 

can derive that there is a relationship between the two variables in the normal 



78 
 

people. The relationship is significant as the p- value is < 0.05.  The decreased 

P300 latency found in non alcohol dependent people is associated with  decreased 

insulin level and not  in the hyperinsulinemic levels. 

 
 There is a significant correlation between latency and serum insulin in the 

control group. In the alcohol dependence group also there is a  significant  

positive correlation, this goes to show that abnormal high levels of insulin  is 

associated with increased P300  latency and cognitive impairment . Hence 

abnormal high insulin levels can be used as a cognitive marker in alcohol 

dependence. 

 

CORRELATION BETWEEN THE P300 AMPLITUDE  AND THE  SERUM 

INSULIN  IN THE CONTROL GROUP  

 The correlation between the P300  amplitude and serum insulin level was 

calculated in the control group using Pearson’s correlation. The calculated  r-value 

was -0.389. The p-value calculated for the r-value is  0.034. This value shows that 

there is a negative linear relationship between the P300 amplitude and serum 

insulin level in the control group. As there is a negative correlation the variables 

will move in the opposite direction. The P300  amplitude increases with the 

decreased insulin levels and not hyperinsulinemic levels. This shows that there is 

a correlation between the serum  insulin level and P300 amplitude even in the 

general population.  

 Even though there is a correlation between serum insulin and P300 

amplitude in the general population, the correlation between serum insulin and 
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P300 amplitude in alcohol dependence group was significant and hence insulin  can 

be used as a marker for cognition in alcohol dependence. 

 
 Insulin resistance with resultant hyperinsulinemia  and hyperglycemia is 

found in  alcohol dependence patients  and hence this might be the contributor for 

the cognitive impairment in the alcohol dependence people. The increased insulin 

level and blood glucose level found among alcohol dependence patients in this 

study might be due to insulin resistance. 

 

  



Conclusion 
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CONCLUSION 

 
1. The patients with alcohol dependence had significant impairment in event 

related potential P300 latency and amplitude when compared with controls. 

2. The alcohol dependence patients had significant increase in serum insulin 

level than the control group. 

3. The fasting blood sugar values are significantly higher in the alcohol 

dependence group when compared with the control group. 

4. There is significant correlation between the P300 latency and the serum 

insulin level and also the P300 amplitude and the serum insulin  level in the 

alcohol dependence patients , hence serum insulin can be used as a 

cognitive marker in alcohol dependence patients. 

 

 

  



Limitations 
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LIMITATIONS 

 
1. The sample size is a limitation in this study, it has to be carried out in a 

larger population and checked whether the results are replicable.  

2. The patients were on benzodiazepine drug for detoxification during the 

study period.  This drug  could have affected the cognition of the patients. 

It is  unethical to withdraw the drug  as it would precipitate withdrawal 

symptoms and relapse  the drug was not withdrawn. 

3. The study was a cross sectional one hence intra  individual variations in 

subject could have had an effect on the measurements. 

4. The halo effect could have affected the results as the assessor was not 

blinded to the case and the control group. 

 

  



Future directions 
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FUTURE DIRECTIONS 

 
1. The alcohol dependence patients could be followed up to assess if there is 

any improvement in cognitive function. 

2. The progress of alcohol dependence people to insulin resistance and 

diabetes could be assessed . 

3. Other neuropsychological tests could be given to assess the specific 

cognitive functions that are affected in alcohol dependence individuals. 

 

  



Summary 
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SUMMARY 

 
 A study was conducted to evaluate cognitive evoked potential P300 and 

correlate it with serum insulin levels in alcohol dependence patients to determine 

if insulin can be kept as a cognitive marker in alcohol dependence. Thirty patients 

with alcohol dependence and thirty healthy controls participated in the study. The 

cognitive evoked potential P300 was done in the patients and controls. There was 

statistically significant prolonged latency and decreased amplitude of  P300 in 

alcohol dependence patients when compared with controls. The Fasting serum 

insulin levels  and blood sugar levels  showed statistically significant elevation in 

the alcohol dependence group in comparison with the control group. There was a 

statistically significant strong correlation between cognitive evoked potential P300 

and serum insulin levels suggesting that insulin could be kept as a cognitive 

marker in alcohol dependence. 
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Annexures 



 



INFORMED CONSENT FORM 
 
Title of the study “Evaluation of cognitive evoked potential P300 and its correlation 
to serum Insulin levels in alcohol dependence patients”  
 
Name of the Participant:  
 
Name of the Principal Investigator: Dr.R. Malar 
 
Name of the Institution:  Institute of Physiology and Experimental Medicine, 
    Madras Medical College and Govt. General Hospital, 
    Chennai - 3 
 
Documentation of the informed consent 
I _____________________________ have read the information in this form (or it has 
been read to me). I was free to ask any questions and they have been answered. I am over 
18 years of age and, exercising my free power of choice, hereby give my consent to be 
included as a participant in 
 
“Evaluation of cognitive evoked potential P300 and its correlation to serum Insulin levels 
in alcohol dependence patients” 
 

1. I have read and understood this consent form and the information provided to me. 

2. I have had the consent document explained to me. 

3. I have been explained about the nature of the study. 

4. I have been explained about my rights and responsibilities by the investigator. 

5. I have been informed the investigator of all the treatments I am taking or have taken in 
the past ________ months including any native (alternative) treatment. 

6. I have been advised about the risks associated with my participation in this study. 

7. I agree to cooperate with the investigator and I will inform him/her immediately if I 
suffer unusual symptoms.  

8. I have not participated in any research study within the past________month(s).  

9. I am aware of the fact that I can opt out of the study at any time without having to give 
any reason and this will not affect my future treatment in this hospital.  

10. I am also aware that the investigator may terminate my participation in the study at 
any time, for any reason, without my consent.  



12. I hereby give permission to the investigators to release the information obtained from 
me as result of participation in this study to the sponsors, regulatory authorities, 
Govt. agencies, and IEC. I understand that they are publicly presented. 

13. I have understand that my identity will be kept confidential if my data are publicly 
presented. 

14. I have had my questions answered to my satisfaction. 

15. I have decided to be in the research study. 

I am aware that if I have any question during this study, I should contact the investigator. 
By signing this consent form I attest that the information given in this document has been 
clearly explained to me and understood by me, I will be given a copy of this consent 
document. 

 

For adult participants: 

Name and signature / thumb impression of the participant (or legal representative if 
participant incompetent) 

Name ____________________ Signature____________  Date________________ 

 

Name and Signature of impartial witness (required for illiterate patients): 

 

Name ____________________ Signature____________  Date________________ 

 

Address and contact number of the impartial witness: 

 

Name and Signature of the investigator or his representative obtaining consent: 

 

Name ____________________ Signature____________  Date________________ 

  



 

 



PROFORMA 

Name: 

Age/ Sex: 

Address: 

OP No.:   

Occupation: 

Duration of Alcohol consumption:        Years  

Quantity of alcohol consumption:       /day 

Treatment for Deaddiction 

History of associated illness: 

a. Type I Diabetes mellitus 

b. Type II Diabetes mellitus 

c. Mental retardation 

d. History of any other psychiatric illness 

e. Neurological illness or  other medical illness  

f. Hypertension 

g. Ischemic heart disease 

h. Bronchial asthma  

i. Renal diseases 

  



Investigations: 

EXAMINATION 

General examination: 

Temperature: 

Pulse rate:  

Blood pressure:  

Systemic examination: 

Cardiovascular system: 

Respiratory system: 

Gastrointestinal system: 

Central nervous system: 

Mental Status Examination 

 

  



 

COBAS 600- AUTO ANALYSER- ROCHE DIAGNOSTICS 

 

 

 

BIOCHEMISTRY KIT 

 

  



 

 

SERUM SAMPLES FOR ANALYSIS 

 

 

RECORDING OF P300 AT CLINICAL PHYSIOLOGY RESEARCH 
LAB 

 

 

 



MASTER CHART FOR CASE GROUP 

 

 

S.NO AGE SEX Education OCCUPATION 

P300 SERUM 
INSULIN 

LEVEL 
(μu/ml) 

Bl.sugar 
(mg/dl) 

LATENCY 
(milliseco

nds) 

AMPLITUDE 
(μv) 

1 48 MALE High school semi skilled 364.22 6.77 12.66 96 
2 46 MALE Primary semi skilled 347.22 7.08 0.373 79 
3 28 MALE High school semiskilled 358.32 5.37 15.24 98 
4 41 MALE High school Skilled 356.32 7.1 0.279 99 
5 48 MALE Primary semiskilled 338.42 8.3 2.62 84 
6 40 MALE High school semiskilled 348.22 7.2 2.53 79 
7 35 MALE High school semiskilled 342.22 7.6 0.355 80 
8 46 MALE High school Skilled 350.22 6.97 5.1 84 
9 38 MALE Graduate semiskilled 368.22 6.42 34 117 

10 31 MALE Higher 
secondary Skilled 372.22 2.23 44.9 119 

11 41 MALE High school Skilled 358.22 5.62 17.8 99 
12 30 MALE Primary Unskilled 359.22 4.32 18.7 98 
13 46 MALE High school semiskilled 348.52 7.6 1.94 76 
14 30 MALE High school skilled 364.22 4.21 15 103 
15 36 MALE primary semiskilled 352.72 10.46 2.3 84 

16 38 MALE Higher 
secondary skilled 357.22 7.22 2.2 78 

17 25 MALE High school semiskilled 353.42 7.42 1.6 88 
18 48 MALE High school unskilled 369.22 5.38 21.3 104 
19 42 MALE Primary semiskilled 354.22 6.88 5.1 80 

20 40 MALE Higher 
secondary semiskilled 368.82 5.7 16.1 86 

21 35 MALE High school semiskilled 366.22 3.84 17.5 103 

22 38 MALE Higher 
secondary skilled 364.62 6.78 17.9 96 

23 33 MALE High school unskilled 370.22 5.4 23.4 102 
24 26 MALE Primary unsilled 362.32 5.7 19.5 98 
25 28 MALE High school semiskilled 359.22 7.4 4.2 90 
26 40 MALE High school skilled 354.52 8.44 5.3 88 
27 35 MALE High school unskilled 363.42 7.3 4.9 84 
28 43 MALE Primary semiskilled 352.42 8.2 3.5 92 
29 49 MALE High school semiskilled 370.82 2.75 40.29 114 
30 39 MALE High school semiskilled 368.22 3.8 41.1 112 



MASTER CHART FOR CONTROL GROUP 

S.NO AGE SEX Education OCCUPATIO
N 

P300 SERUM 
INSULIN 

LEVEL 
(μu/ml) 

Bl.suga
r 

(mg/dl) 

LATENC
Y (milli 

seconds) 

AMPLITUD
E (μv) 

1 21 MALE High school skilled 343.22 9.7 5.26 70 
2 36 MALE High school skilled 345.32 8.9 4.42 66 
3 44 MALE High school unskilled 346.32 10.2 3.4 73 
4 26 MALE High school unskilled 345.32 5.97 3.6 67 
5 45 MALE Primary semiskilled 342.42 6.44 7.73 66 
6 40 MALE High school skilled 341.22 8.6 7.91 61 
7 38 MALE High school skilled 346.22 8.6 7.2 94 
8 28 MALE High school unskilled 340.22 7.8 8.63 63 

9 33 MALE Higher 
secondary skilled 345.22 8.9 6.29 62 

10 39 MALE High school semiskilled 343.32 11.6 3.92 71 
11 38 MALE Graduate skilled 343.47 10.5 4.41 56 
12 30 MALE High school unskilled 335.27 9.7 5.68 73 
13 47 MALE Primary semiskilled 338.33 9.5 7.39 67 
14 45 MALE High school unskilled 341.22 11.4 3.7 66 
15 40 MALE High school skilled 339.32 10.5 4.47 68 
16 39 MALE High school semiskilled 335.64 9.4 5.47 80 
17 45 MALE High school semiskilled 338.21 8.9 7.34 74 
18 38 MALE Primary unskilled 335.54 8.7 3.64 64 
19 49 MALE High school semiskilled 345.22 9.3 5.89 68 
20 45 MALE High school semiskilled 336.42 10.5 8.89 66 
21 40 MALE High school skilled 335.24 11.7 3.18 64 
22 49 MALE Primary skilled 334.22 8.5 6.38 53 
23 47 MALE High school semiskilled 338.12 10 5.35 71 
24 48 MALE Primary unskilled 339.42 9 4.77 66 

25 40 MALE Higher 
secondary skilled 344.14 11.6 3.39 64 

26 37 MALE High school semiskilled 336.22 9.7 3.7 62 
27 38 MALE High school skilled 333.34 11.4 7.21 60 
28 35 MALE Primary unskilled 331.22 10.4 3.75 64 
29 37 MALE High school semiskilled 348.22 7.9 20.49 87 
30 39 MALE High school semiskilled 338.25 8.4 11.89 78 
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