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Abstract 
 

Apoptosis occurs in various physiological and pathological 

conditions. It is suggested that surgery and general anesthesia can induce 

apoptosis. This study compares the effect of isoflurane, sevoflurane and 

propofol on human cell apoptosis. Sixty patients scheduled for elective 

open cholecystectomy or recurrent hernia mesh repair were randomly 

allocated to receive propofol, isoflurane or sevoflurane for maintenance 

of anesthesia. Evaluating apoptosis was done by measuring caspase-3 

activity and TRAIL levels in the three groups. We found that isoflurane is 

superior to sevoflurane and propofol in protecting against apoptosis.  
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History 
In the 1880s Weigert & Cohnheim described the microscopic 

appearance of cell death in necrotic tissue as coagulation necrosis [1]. In 

1885, Flemming described the process of `chromatolysis' in which the nuclei 

of mammalian ovarian follicles broke up and ultimately disappeared in 

spontaneous cell death [2]. In the early 1970s, Kerr described the electron 

microscopic appearance of singe-cell death in the livers of animals [3] 

treated with toxins (heliotrine and albitocin) and ischaemia (by ligation of a 

large branch of the portal vein) and called it `shrinkage necrosis' [4].  

A landmark paper in 1972 described the characteristic sequential 

changes occurring in cell structure during the death process in healthy 

tissues, normal development, tumors regression, atrophy and involution [5]. 

The term `apoptosis' (derived from the Greek word for `falling off ', a 

reference to the falling of leaves from trees in autumn in response to the 

impending threat of freezing and damage in winter) was coined [5]. During 

the 1990s, the molecular mechanisms that keep apoptosis in check and the 

molecular events involved in disordered apoptosis were unravelled. [6]  

 

Definitions 
Apoptosis specifically refers to an energy-dependent, asynchronous, 

genetically controlled process by which unnecessary or damaged single cells 

self-destruct when the apoptosis genes are activated [7]. Briefly, the cell 

shrinks and detaches from neighbouring cells and the nucleus is broken 

down. The nuclear fragments and organelles condense and are ultimately 

packaged in membrane-bound vesicles, exocytosed and ingested by 

surrounding cells. The absence of inflammation differentiates apoptosis from 
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necrosis. The differences between apoptotic and necrotic cell deaths are 

summarised in Table 1. [8] 

Ischaemic and accidental (caused by toxins) cell death are 

characterised by cell swelling or `oncosis' resulting in cytoplasmic and 

nuclear swelling and karyolysis (loss of affinity for basic dyes). After either 

oncosis or apoptosis, cells reach the stage of necrosis where phagocytosis 

occurs, and in the case of oncosis, this is accompanied by inflammation. 

Apoptosis and oncosis/necrosis are part of an overlapping spectrum. Cells 

exposed to an overwhelming noxious stimulus, such as ischaemia or toxins, 

undergo oncosis and necrosis [9]. Programmed cell death (PCD) refers to 

cell suicide occurring during normal embryological development of an 

immature organism and the maturation of tissues or organs and does not 

require de novo gene expression [10]. 

 

Table (1) Differences between Apoptosis and Necrosis [7] 

 
Apoptosis 

 

 
Necrosis 

 
 

Physiological or pathological 

Asynchronous process in single cell 

Genetically controlled 

Late loss of membrane integrity 

Cell shrinkage 

Condensation of nuclear contents 

No inflammatory reaction 

 

 

Always pathological 

Occurs synchronously in multiple cells 

Caused by overwhelming noxious stimuli 

Early loss of membrane integrity 

Generalized cell and nucleus swelling 

Nuclear chromatin disintegration 

Inflammatory reaction 
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Mechanism of Apoptosis  
Following an appropriate stimulus, the first stage or `decision phase' 

of apoptosis is the genetic control point of cell death. This is followed by the 

second stage or `execution phase', which is responsible for the 

morphological changes of apoptosis. [1]  

 

A. Stimuli for Apoptosis 
• DNA (genome) damage by ionizing radiation and anti-cancer drugs. 

• Activation of death receptors (Fas receptor, TNF receptor) e.g. drugs 

and glucocorticoids acting on thymus. 

• Direct physical cell damage by heat, ultraviolet light, oxygen free 

radicals, hydrogen peroxide. 

• Biochemical agents that enhance the downstream components of the 

apoptotic pathway e.g. phosphatases and kinase inhibitors (Calphostin 

C, Staurosporine). [11] 

 

N.B. Many of these stimuli cause necrosis in large doses. [11] 

 

 

 

 

 

 

 

 

 


