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The analytical determinations performed on the environmental compartments (water, air, soil) show that some common pollutants are present at increasing concentrations. This is particularly true in the case of heavy metals (Cd and Pb overall), hydrocarbons (expecially BTX), pesticides (meaningly organophosphoric and carbammic ones). Correspondingly always more numerous cases of tumours of liver and kidney are recorded so that possible correlations between the two phenomena can be investigated. The increasing concentration of organic pollutants in the environment can bring to their progressive accumulation in target organs  of human body with formation of adducts to DNA and following cellular degeneration. The organism defends itself with metabolic and enzymatic activities finalised to consume these accumulated species.

Experimental
Cancerous tissues composition was compared with healthy tissues; three main differences were observed, 1) Higher concentrations of radicals and toxic agents, as particularly benzene as such; 2) Lower concentration of radical scavengers (particularly cysteine); 3) Different metal concentration: it can be higher or lower according if respectively filter organ tissues or other organ ones are considered. These differences correspond to a modification of energy activation and to a following deviation of cellular differentiation.

In the case of cancerous and healthy kidney tissues, fifty samples were analyzed for the metal concentration with the following results:
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Ch = metal concentration in healthy tissues 

CC = metal concentration in cancerous tissues 

p = ratio range between Ch and Cc

The concentration level of the main metals are (in brackets maximun and minimum values):

	Mn
	1-10 ppm(0,01-50)

	Cd
	0,1-30 ppm(0,01-40)

	Cu
	1-3 ppm(0,5-13)

	Zn
	10-50 ppm(3-60)


The higher concentration of free radicals in cancerous than in healthy tissues was measured by a superoxide dismutase biosensor.

The superoxide dismutase biosensor recently developed in our laboratory is based on the use of SOD enzyme (superoxide dismutase E.C. 1.15.1.1), which is physically entrapped in a Kappa-carrageenan gel membrane, and by an amperometric sensor for hydrogen peroxide. The enzymatic membrane is sandwiched between a dialysis membrane and a cellulose acetate membrane (the latter in contact with H2O2 electrode), which ensures the selectivity of the electrode, by preventing the passage of several electroactive substances that could cause interference and thus be oxidized at the platinum anode, which is polarized at +0.7 V.

SOD catalyses the dismutation reaction of the superoxide radical with the release of O2 

and H2O2 according to the following reactions:




the state of the enzymatic reaction is then monitored by the amperometric sensor for H2O2. The other alternative way based on monitoring O2 was abandoned as the calibration of the sensor was performed by producing known amounts of the superoxide radicals and this production is based on the system xantine/xantine oxidase involving too oxygen.

The hydrogen peroxide produced is oxidized by the working electrode according to the following  reaction:




and thus generates a signal  of diffusion limit current that is proportional to the concentration of the 

 radical in solution.

More the addition of produced radicals to different tissue produces different effects according if a cancerous  or a healthy tissue is considered: in the case of former the increase of the concentration following the addition is higher than in the case of the latter: this is probably due to the fact that in cancerous tissues the antiradicalic defence mechanisms are partially or totally compromised, thence the radicalic inhibition action on the enzymes with following lacking degradation of the pollutants.

The difference of radical concentration between cancerous and healthy kidney tissues can be related to:

1.
lowered superoxide dismutase activity in the cancerous tissue

2.
production of free radicals by secondary metabolism pathways of some compounds adsorbed from the environment. For istance the lower activity of dioxygenase able to catalyse the methabolism of benzene to trans, trans-muconic acid can bring to a secondary methabolism.
Benzene in its secondary methabolism can be exploited as energy resource but no radicals are produced able to attck DNA. The secondary catabolic pathway of benzene bring to Ac - Co A so producing a metabolic deviation by mass action  of the reaction which transforms piruvic acid into Ac - Co A. Due to the deviation piruvic acid goes to lactic acid. Consequently lactatedehydrogenase is diverted from its function of regenerating NAD from NADH in order to reactivate glucose catabolism.

In the case of benzene metabolic capacity of kidney cancerous and healthy tissues due to the dioxigenase activity was measured. Higher values in the case of cancerous than healthy tissues were recorded so a defence mechanism activation being evidenced. Unfortunately the metabolic reaction produces metabolytes as muconaldheyde more toxic.

On the other side the high concentrations of radicals can be related also to their assumption from environment and foods and to the deficiency of radical scavengers, first of all metallothioneines particularly cystine and cysteine both very reactive with heavy metals, they also accumulated into human organs, according to a Lewis acid-base reaction, with subsequent sequestrations of the former by the latter ones.

The acid constants of this aminoacid are:
pK Carb  = 1.71

pK Amm = 10.77        pKsubs = 8.36

and the pK values of the complex between cysteine and some common metals range between 7 and 20, so corresponding to stable compounds. The recovery mechanism must so provide to the deficiency of radicals scavengers by supplying non toxic substances such as cysteine and derivatives, vitamin C, having these functions and finalised to consume the excess of the present radicals. The specific single enzymatic equipment must also be evaluated; in some cases this can be defective or less active so furtherly weakening the defence mechanisms that only can be reactivated by yielding the lacking enzymes. With reference to a very common case, that one of cancerogenic benzene contained in the green fuel and always more concentrated in urban areas, human kidney is able to degrade; it this can bring to muconic acid according to a reaction mechanism similar to that one by which Pseudomonas putida is active toward the same substrate. We measured percentage in vitro up to 4% but in vivo lower values were previously evaluated. Alternatively different compounds can be formed down to a full degradation, expecially if enzymes are not inhibited.

The effect of heating (hyperthermic treatment of tumours).

Heating is considered an efficient treatment of tumours. This can be explained at the light of the described results by different approaches and points of view

1.
to reach the optimum temperature for the reaction  rate of the enzyme catalyzed reaction

2.
to fasten hydrolysis of complexes between cysteine and metals with release of free cysteine acting as radical scavenger

Conclusions are:

1) In cancerous organs cancerogenic environmental pollutants are accumulated.

2) To eliminate these accomulations it is necessary to adopt two different actions. Firstly to add radical scavenger (vitamins, antioxidants, others, both as natural products and as commercial products like pills or extracts) able to lower radicalic concentration and so their inhibiting action on the enzymes, secondly to prevently enrich the oxidative enzymatic  equipment of the singles expecially if exposed to cancer risks.

3) supply and activation by thermal treatment of superoxide dismutase (Mn SOD expecially more active than Zn and Cu SOD through the cellular membrane) in order to consume radical excess can be also exploted.

4) addition and thermal activation of dioxigenase to increase metabolic benzene consumption to trans, trans-muconic acid. In this case toxicity of formed muconaldheyde has to be considered.
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