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estimation of structure and content of learning and informational motivation of medical students 

adequately and in a short period of time. 

 

Niranjan V., Matundo M., Hloba N.S., Grigorenko N.V. 

PHYSIOLOGICAL MECHANISMS OF PHANTOM LIMB SYNDROME DEVELOPMENT 

Kharkiv National Medical University, Kharkiv, Ukraine 

 

 Phantom limb syndrome is the perception of sensations, including pain, in a limb that has 

been amputated. The objective of this work was to review and summarize the recent research 

related to the proposed mechanisms of phantom limb pain (PLP) and its treatment. 

 The incidence of PLP has been reported in 42,2-78,8% of patients after amputation. 

Proposed PLP mechanisms include peripheral mechanisms, central neural mechanisms and 

psychogenic mechanisms. Peripheral mechanisms result from massive tissue and neuronal injury 

that causes disruption of the normal pattern of afferent nerve input to the spinal cord. This is 

followed by a process called deafferentation and the proximal portion of the severed nerve sprouts 

to form neuromas. Increased accumulation of molecules enhancing the expression of sodium 

channels occurs in these neuromas that results in hyperexcitability and spontaneous discharges. 

Central neural mechanisms include changes at the level of spinal cord and at the level of brain. In 

spinal cord the central sensitization due to formation of connections between amputated peripheral 

nerve and neurons in the receptive field of the spinal cord occurs, accompanied by increase in the 

activity at N-methyl-D-aspartate receptors by neurotransmitters such as substance P, tachykinins, 

and neurokinins at the dorsal horn. In cortical reorganization the cortical areas representing the 

amputated extremity are taken over by the neighbouring representational zones in both the primary 

somatosensory and the motor cortex. The extent of cortical reorganization has been found to be 

directly related to the degree of pain and the size of the deafferentiated region. Psychogenic origin 

of PLP can be partly proved by the fact that stress, anxiety, exhaustion, and depression are believed 

to exacerbate PLP, though this point of view has not been supported recently. PLP treatment 

consists of pharmacotherapy, surgical procedures and adjuvant therapy, including transcutaneous 

electrical nerve stimulation and mirror therapy.  

  Conclusions. Proposed PLP mechanisms include peripheral mechanisms, central neural 

mechanisms and psychogenic mechanisms, however, there is still no unified theory relative to the 

mechanism of PLP. Specific mechanism-based treatments are still evolving, and most treatments 

are based on recommendations for neuropathic pain. Further research is needed to elucidate the 

relationship between the different proposed mechanisms underlying PLP. A synthesized hypothesis 



15 

 

explaining the phenomenon of PLP is necessary in the future for the evolution of more specific 

mechanism-based treatment recommendations. 

 

Pratibha Mukherjee, Isaeva I. N., Hloba N. S. 

PHYSIOLOGY OF NICOTINE ADDICTION 

Kharkiv National Medical University, Kharkiv, Ukraine 

 

Introduction: “Tobacco smoking”, the principle cause of lung cancer is associated with 

nicotine addiction. The nicotine cholinergic receptors (NCRs) in the CNS consists of five subunits 

(two α4 and three β2). The α4β2 is the principle mediator of nicotine dependence.  

Aim: To understand the cycle of events following the binding of nicotine with α4β2 

receptors and to answer “Why is it difficult for smokers to quit smoking?” and “Is nicotine a 

stimulant or a sedative?”  

Study: Smoke particles carry nicotine into the lungs, where it is rapidly absorbed into 

pulmonary venous circulation. The nicotine then enters the arterial circulation and moves quickly to 

brain (within 10 seconds). Nicotine can imitate Acetylcholine (Ach) and it binds with NCRs (ligand 

–gated ion channels that normally binds Acetylcholine) and initiates the entry of sodium ions into 

the neuron, depolarizing the membrane and exciting the cell. Then the channel closes and the 

nicotinic receptor becomes temporarily unresponsive to any neurotransmitters. It is this state of 

desensitization that is artificially prolonged by continual exposure to nicotine. Tobacco dependency, 

which then develops very quickly, arises because nicotinic receptors are present on the neurons of 

the Ventral Tegmental Area of midbrain which project their terminations into the nucleus 

accumbens which after repeated nicotine stimulation, increases the amount of dopamine release and 

activates reward pathway of brain, giving smokers pleasure and reducing stress and anxiety. 

Nicotine also augments release of glutamate (which facilitates the release of dopamine) and GABA 

(which inhibits the release of dopamine). Repeated exposure to nicotine, makes some of the NCRs 

insensitive and as a result GABA-mediated inhibitory response diminishes while the Glutamate-

mediated excitatory response persists which increases excitation of dopaminergic neurons and 

enhances responsiveness to nicotine. With regular smoking, the smoker tends to associate specific 

moods, situations, or environmental factors producing “smoking-related cues”, with the rewarding 

effects of nicotine. Typically, these cues trigger relapse. Nicotine exposure causes changes in the 

protein expression of brain cells and in their synaptic connections, a process termed “neural 

plasticity”, which underlie conditioning.  Smokers usually take a cigarette after a meal, with a cup 


