Endotoxins:
Poisons produced within bacterial cells. Endotoxins can be absorbed from the gut into the bloodstream, adding to the body's overall toxic load. If the individual's gut is chronically overloaded with unfavourable bacteria at the expense of the so-called 'friendly' bacteria (mainly Lactobacilli and Bifidobacteria), endotoxin levels can represent a significant challenge to the liver's detoxification capacity. Endotoxins produced by an acute infection from pathogenic (disease-producing) bacteria such as Salmonella can be life-threatening

ENDOTOXIN:Lipid A of the lipopolysaccharide found in the outer membrane of a gram-negative cell wall. Large amounts, when released, are harmful to the body because they lead to overproduction of cytokines resulting in an excessive inflammatory response
Gram-negative bacteria probably release minute amounts of endotoxin while growing. For example, it is known, that small amounts of endotoxin may be released in a soluble form, especially by young cultures. However, for the most part, endotoxins remain associated with the cell wall until disintegration of the bacteria. In vivo , this results from autolysis of the bacteria, external lysis mediated by complement and lysozyme, and phagocytic digestion of bacterial cells. 

Compared to the classic exotoxins of bacteria, endotoxins are less potent and less specific in their action, since they do not act enzymatically. Endotoxins are heat stable (boiling for 30 minutes does not destabilize endotoxin), but certain powerful oxidizing agents such as superoxide, peroxide and hypochlorite, degrade them. Endotoxins, although strongly antigenic, cannot be converted to toxoids

	Table 1. Characteristics of bacterial endotoxins and classic exotoxins.

	PROPERTY
	ENDOTOXIN
	EXOTOXIN

	CHEMICAL NATURE
	Lipopolysaccharide(mw = 10kDa)
	Protein (mw = 50-1000kDa)

	RELATIONSHIP TO CELL
	Part of outer membrane
	Extracellular, diffusible

	DENATURED BY BOILING
	No
	Usually

	ANTIGENIC
	Yes
	Yes

	FORM TOXOID
	No
	Yes

	POTENCY
	Relatively low (>100ug)
	Relatively high (1 ug)

	SPECIFICITY
	Low degree
	High degree

	ENZYMATIC ACTIVITY
	No
	Usually

	PYROGENICITY
	Yes
	Occasionally


The endotoxin released from the Gram-negative cell wall binds to LPS receptors on the surface of defense cells such as monocytes, macrophages and neutrophils. This is a normal component of body defense and is one of the mechanisms by which the body is able to recognize that Gram-negative bacteria have invaded the body. 

The binding of the LPS to the LPS receptors on the surface of monocytes and macrophages triggers them to release cytokines such as TNF-alpha, Il-1, Il-6, and Il-8. 
Cytokines such as TNF-alpha, Il-1, Il-6, and Il-8 now bind to cytokine receptors on various target cells and normally function to promote body defenses such as inflammation, fever, immune responses, and phagocytosis. In this way, the stimulating Gram-negative bacteria are removed from the body. However when released in excessive amounts during severe Gram-negative infections, these same cytokines can result in harmful effects including as blood vessel damage, respiratory destress, tissue destruction, hypotension, shock, organ failure, and death. Likewise, the release of proteases and toxic oxygen radicals by the neutrophils will kill bacteria in the area, however, these same molecules are also toxic to human cells and can lead to tissue damage. 

The endotoxin released from the Gram-negative cell wall binds to LPS receptors on the surface of defense cells such as monocytes, macrophages and neutrophils. This is a normal component of body defense and is one of the mechanisms by which the body is able to recognize that Gram-negative bacteria have invaded the body. The binding of LPS to the LPS receptors and Il-8 to Il-8 receptors on the surface of neutrophils stimulates them to release proteases and toxic oxygen radicals for extracellular killing. 
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Gram-Negative Cell Walls (def): LPS (Endotoxin) in the Outer Membrane
As mentioned earlier in this unit, the lipopolysaccharide (LPS) in the outer membrane of the gram-negative cell wall (see Fig. 10B) may act as an endotoxin (def). Gram-negative bacteria release endotoxin during their replication but endotoxin released in quantity upon death and degradation of the bacterium. The degree of damage from endotoxin is related to the degree of release of the LPS from the bacterium’s cell wall. 
LPS, especially when in the blood, can cause a number of pathophysiological changes such as: 
a. fever production 
b. inflammation 
c. tissue destruction
d. respiratory distress
e. capillary damage (leading to petechial rash (def), capillary leakage, and hypovolemia (def)
f. intravascular coagulation (def)
g. hypotension (def)
h. decreased cardiac output
i. irreversible shock (def) 
j. wasting of the body 
k. diarrhea (from endotoxin in intestines) 
These pathphysiologic changes are all regulated by cytokines. 

The mechanism behind these endotoxin-induced pathological effects is now fairly well understood. Endotoxin indirectly harms the body when massive amounts are released during severe gram-negative infections. 

1. The LPS released from the outer membrane of thegram-negative cell wall first binds to a LPS binding protein produced by the body and this complex then attaches to receptors on the surface of monocytes and macrophages (def) (see Fig. 24A) found in most tissues and organs of the body. 
2. This, in turn, causes the monocytes and macrophages to release the body defense chemicals tumor necrosis factor-alpha (TNF-alpha), interleukin-1 (Il-1), interleukin-6 (Il-6), and interleukin-8 (Il-8), and platelet-activating factor (PAF) (see Fig. 24A). These cytokines subsequently bind to traget effector cells in the area and influence their activity in some manner (see Fig. 24A ). 
However, during severe systemic infections with large numbers of bacteria present, high levels of LPS are released resulting in excessive cytokine production by the monocytes and macrophages and this can harm the body (see Figs. 24B). In addition, neutrophils start releasing their proteases and toxic oxygen radicals that kill not only the bacteria, but the surrpounding tissue as well. Harmful effects include high fever, hypotension, tissue destruction, wasting, acute respiratory distress syndrome (ARDS), disseminated intravascular coagulation (DIC), and damage to the vascular endothelium resulting in shock, multiple system organ failure (MOSF), and often death. 
Helicobacter toxins, produced by Helicobacter pylori (inf). These toxins interact with the epithelial cells of the stomach causing them to produce chemokines (def) that attract neutrophils and macrophages. This inflammatory response and the resulting extracellular killing by the phagocytes can lead to tissue damage. 

The Ability to Induce Autoimmune Responses
Autoimmunity is when the body’s immune defenses mistakenly attack the body and sometimes certain bacteria can serve as a trigger for this response.
One way bacteria can do this is by inducing the production of cross-reacting antibodies (def) and possibly auto-reactive cytotoxic T-lymphocytes or CTLs (def). These are antibodies and CTLs made in response to bacterial antigens (def) that accidently cross react with epitopes (def) on host cells. As a result, the antibodies and CTLs wind up destroying the host cells to which they have bound. Furthermore, when the antibodies activate the classical complement pathway (def), this further stimulates the inflammatory response resulting in more tissue damage. Rheumatic fever triggered by rheumatogenic strains of Streptococcus pyogenes (inf) is an example. Antibodies and CTLs stimulated by antigens of S. pyogenes cross-react with heart and joint tissues damaging the heart and joints.
Another way autoimmunity can be triggered by certain bacteria is by stimulating the production of immune complexes. When high levels of circulating antibodies react with certain bacterial antigens, they form large amounts of immune complexes (antibodies bound to antigens). These immune complexes can lodge in filtering units such as the kidneys whers they activate the complement pathway (def). The resulting inflammatory response then destroys kidney tissues. An example of this is acute glomerulonephritis that sometimes following infection by Streptococcus pyogenes (inf).
Two other possible examples of bacterial induced autoimmunity are chronic Lyme disease (arthritis, neurological abnormalities, and heart damage) following infection by Borrelia burgdorferi (inf), and tertiary syphilis (heart damage, neurological abnormalities, and distructive skin lesion) following infection by Treponema pallidum (inf).
