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liver before it is released into the circulatory system where it 

eventually reaches the brain. As the role of TNF-a is immuno-

modulation (and specifically pro-inflammatory), this causes 

an up-regulation of the NFkB pathway leading to induction 

of iNOS (nitric oxide synthase), COX2 (cyclooxygenase) and 

NADPH oxidase (all of which increase the level of reactive 

oxygen species) (5, 8).  

Another mechanism derived from rodent models is 

damage of neuronal tissue via inhibition of neural stem cell 

(NSC) regenerative actions. Studies have shown chronically 

elevated levels of alcohol causes systemic stress that leads to 

persistent production of adrenal steroids (such as cortisol) 

which down-regulates synthesis of nerve growth factor 

(NGF) and brain-derived neurotrophic factor (bDNF) (9). 

Since NSCs require these factors for the primary processes of 

neuronal regeneration (proliferation, differentiation, 

migration and survival), they either remain dormant in their 

present state or die (10).  

The third contributing element of neuronal tissue injury 

caused by chronic alcohol abuse is via N-methyl-D-aspartate 

(NMDA) receptor excitotoxicity. Glutamate is a common 

neuro-transmitter in the human brain. And under normal 

circumstances, glutamate would activate NMDA receptors 

without clinical sequelae. However, with alcohol 

intoxication, NMDA receptors become sensitized to lower 

concentrations of glutamate (also known as adaptation) (11). 

Hence, seizures would often occur in alcoholic patients 

undergoing withdrawal. Through mechanisms not yet 

completely understood, highly sensitized NMDA receptors 

upon being activated by glutamate lead to excessive calcium 

ion accumulation as well as production of nitrous oxide 

radicals, both of which lethal to neurons (12).  

The fourth and final component of explaining CNS 

neurotoxicity resulting from chronic alcohol abuse is 

thiamine deficiency. Thiamine deficiency can be caused by 

impaired GI uptake due to concomitant intake of alcohol or 

simply malnutrition associated with poor diet (13). It is 

becoming a rare clinical manifestation in recent years as a 

result of established clinical guidelines in the treatment of 

hospital-admitted alcoholics (patients are now given thiamine 

Alcohol has been a popular recreational beverage since 

early human history. It undoubtedly plays a significant role 

in the social scene of many different cultures around the 

world today. For most people, drinking does not lead to 

dependence or abuse. However, a significant contingent of 

the population at large inevitably is afflicted by chronic 

alcoholism. In the United States alone, approximately 14 

million Americans meet the diagnostic criteria for alcohol 

abuse (1). One of the major organs that chronic alcohol 

intoxication can damage is the brain (2).  

Clinical manifestation of neurotoxicity caused by 

chronic alcohol abuse can vary considerably. Symptoms 

could vary from mild memory loss, depression, 

hallucination to full-blown psychosis and development of 

focal neurological signs. In general, persistence in alcohol 

abuse leads to gradual deterioration of mental status (as 

evidenced by increasing severity of dementia and 

characterized by enlargement of cerebral ventricles) (3). 

This is then followed by Wernicke’s encephalopathy and 

Korsakoff’s psychosis (4).  

Oxidative stress is one of the mechanisms, suggested by 

numerous studies based on rodents, in which alcohol abuse 

could lead to neurodegeneration. Two transcription factors 

play a major role in the generation of free radicals in chronic 

alcohol consumption. They are respectively, nuclear factor 

kappa-B (known commonly as NFkB) and cAMP responsive 

element-binding protein (abbreviated as CREB) (5). Initially, 

when there is elevated concentration of alcohol, adenylyl 

cyclase activity is enhanced, leading to increased cAMP 

creation (6). This effect of hyper-stimulation; however, 

desensitizes the CREB pathway over time. As a result, 

neurological tissue exposed to chronically elevated alcohol 

levels would have decreased CREB pathway activity which 

meant less neuronal protective enzymes being produced (7). 

Hence, this meant diminished neuronal viability on a 

background of free radical formation.  

Tumor necrosis factor alpha is a cytokine that is produced 

by a wide variety of cells such as macrophages and adipose 

tissue cells. Since a major aspect of alcohol metabolism 

involves the liver, TNF-α is predominantly produced by the 
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supplementation if alcohol abuse is suspected). Of note, 

alcoholics with severely uncorrected thiamine deficiency 

would often progress to develop a clinical syndrome called 

Wernicke’s encephalopathy (characterized by ataxia, 

ophthalmoplegia, and impairment of short-term memory). 

Left untreated, 80-90% of these patients would then advance 

to Korsakoff’s psychosis (characterized by 

retrograde/anterograde amnesia and confabulation) (14, 15). 

From the clinical syndromes described above, it is not 

surprising to find gross morphological features such as 

atrophy (or shrinkage) of the cerebellum in post-mortem 

examination of alcoholics as the cerebellum is responsible for 

involuntary eye movements and coordination of peripheral 

limbs (3, 4, 13).  

On the cellular level, thiamine (also known as Vitamin B1) 

is an important cofactor in the catabolism of glucose. Three 

enzymes require Vitamin B1 to function properly: alpha–

ketoglutarate dehydrogenase, transketolase and pyruvate 

dehydrogenase (4, 13). Transketolase, in particular, is a key 

enzyme in the pentose phosphate shunt which produces two 

molecules: ribose–5–phosphate and NADPH. On the one 

hand, Ribose–5–phosphate is an essential ingredient in the 

formation of nucleic acids (16). On the other hand, NADPH 

is vital to the process of replenishing the body’s glutathione 

supply. Glutathione is an antioxidant involved in protecting 

cells against oxidative stress (17).  

Both pyruvate dehydrogenase and alpha-ketoglutarate 

dehydrogenase participate in different steps of converting 

glucose to ATP. Decreased activity of these two enzymes due 

to thiamine deficiency causes lack of energy source for 

neuronal cells. As a result, there is an increased susceptibility 

to cellular damage. Alpha-ketoglutarate dehydrogenase, 

which is a citric acid cycle enzyme, is also involved in the 

synthesis of neurotransmitters such as glutamate and gamma–

aminobutyric acid (GABA) (4, 13, 17). Hence, any change 

from the ideal rate of neurotransimitter production 

predisposes to excitotoxicity as mentioned above.  

 
 

1. McGinnis JM, Foege WH.Mortality and Morbidity Attributable 

to Use of Addictive Substances in the United States. 

Proceedings of the Association of American Physicians. Proc 

Assoc Am Physicians. 1999 Mar-Apr; 111(2):109-18. 

2. Eckardt MJ, Martin PR, Clinical Assessment of Cognition in 

Alcoholism. Alcohol Clin Exp Res., 1986; 10(2):123-7. 

 

 

3. Torvik A, Lindboe CF, Rogde S. Brain lesions in alcoholics: A 

neuropathological study with clinical correlations. Journal of 

the Neurological Sciences. J Neurol Sci. 1982 Nov; 56(2-

3):233-48. 1982. 56(2-3): p. 233-248. 

4. Butterworth RF, Kril JJ, Harper CG. Thiamine-Dependent 

Enzyme Changes in the Brains of Alcoholics: Relationship to 

the Wernicke-Korsakoff Syndrome. Alcohol Clin Exp Res. 

1993 Oct; 17(5):1084-8. 

5. Zou J, Crews F. CREB and NFkB Transcription Factors Regulate 

Sensitivity to Excitotoxic and Oxidative Stress Induced Neuronal 

Cell Death. Cell Mol Neurobiol. 2006 Jul-Aug; 26(4-6):385-405. 

6. Desrivières S, Pronko SP, Lourdusamy A, Ducci F, Hoffman 

PL, Wodarz N et al. Sex-Specific Role for Adenylyl Cyclase 

Type 7 in Alcohol Dependence. Biol Psychiatry. 2011 Jun 1; 

69(11):1100-8. doi: 10.1016/j.biopsych.2011.01.037. 

7. Pandey SC, Chartoff EH, Carlezon WA Jr, Zou J, Zhang H, 

Kreibich AS et al. CREB Gene Transcription Factors: Role in 

Molecular Mechanisms of Alcohol and Drug Addiction. 

Alcohol Clin Exp Res. 2005 Feb; 29(2):176-84. 

8. Zou JY1, Crews FT. TNF alpha potentiates glutamate 

neurotoxicity by inhibiting glutamate uptake in organotypic 

brain slice cultures: neuroprotection by NF kappa B inhibition. 

Brain Res. 2005 Feb 9; 1034(1-2):11-24. 

9. Tateno M, Ukai W, Ozawa H, Yamamoto M, Toki S, Ikeda H 

et al. Ethanol Inhibition of Neural Stem Cell Differentiation Is 

Reduced by Neurotrophic Factors. Alcohol Clin Exp Res. 2004 

Aug; 28(8 Suppl Proceedings):134S-138S. 

10. Crews FT, Miller MW, Ma W, Nixon K, Zawada WM, Zakhari 

S. Neural Stem Cells and Alcohol. Alcohol Clin Exp Res. 2003 

Feb; 27(2):324-35. 

11. Hoffman PL. Glutamate receptors in alcohol withdrawal-

induced neurotoxicity. Metab Brain Dis. 1995 Mar; 10(1):73-9. 

12. Crews FT, Nixon K. Mechanisms of Neurodegeneration and 

Regeneration in Alcoholism. Alcohol Alcohol. 2009 Mar-Apr; 

44(2):115-27. doi: 10.1093/alcalc/agn079. 

13. Butterworth RF. Pathophysiology of alcoholic brain damage: 

synergistic effects of ethanol, thiamine deficiency and alcoholic 

liver disease. Metab Brain Dis. 1995 Mar; 10(1):1-8. 

14. Foster JB. The Wernicke–Korsakoff Syndrome and Related 

Neurologic Disorders Due to Alcoholism and Malnutrition. J 

Neurol Neurosurg Psychiatry. 1989 Oct; 52(10): 1217–1218. 

15. Lishman WA. Cerebral Disorder in Alcoholism Syndromes of 

Impairment. Brain. 1981 Mar; 104(Pt 1):1-20. 

16. Singleton CK, Martin PR. Molecular mechanisms of thiamine 

utilization. Curr Mol Med. 2001 May; 1(2):197-207. 

17. Portari GV, Marchini JS, Vannucchi H, Jordao AA. 

Antioxidant Effect of Thiamine on Acutely Alcoholized Rats 

and Lack of Efficacy Using Thiamine or Glucose to Reduce 

Blood Alcohol Content. Basic Clin Pharmacol Toxicol. 2008 

Nov; 103(5):482-6. doi: 10.1111/j.1742-7843.2008.00311.x. 

 

 REFERENCES 

 

https://www.ncbi.nlm.nih.gov/pubmed/15713255
https://www.ncbi.nlm.nih.gov/pubmed/12605082

