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Abstract 
Inflammatory bowel disease, coronary artery disease, cerebrovascular disease, hypertension, diabetes, tumours, are exam-
ples of chronic degenerative diseases that have a high prevalence in developed nations. These chronic-non-communicable 
diseases have multifactorial aetiologies that considered to be caused by the interaction of environmental risk factors with 
multiple predisposing genes. Genetic researches on these diseases have traditionally focused on investigation aimed at 
identifying disease-susceptibility genes. Recent evidence suggests that somatically acquired DNA mutations may also 
contribute significantly to the pathogenesis of these disease states such as coronary artery disease indicating a similarity be-
tween the atherosclerotic and carcinogenic processes. The high incidences and prevalence of these chronic diseases in the 
Western World in comparison with the East and changing trends in disease incidence (seen in many countries) provide 
strong evidence that those environmental factors as playing a major influence in disease- expression. There is an ample 
reason to believe that environmental factors have contributed to inducing alterations in genetic code in precedent 
generations, which were subsequently inherited and further modified by modern life style   activities. Consequently, we now 
see the appearance of chronic degenerative diseases and their higher incidences in the Western nations   as compared with 
the Eastern ones. 
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Introduction 
A single genotype may give rise to many differ-
ent phenotypes under varying circumstances of 
environment.  In turn, one environmental factor 
may act to elicit various responses depending on 
the genotype of the organism, which determines 
the threshold of the responses (1).  
The concept about the ability of environmental 
factors in introducing changes in genetic codes 
has been accepted recently (2-6). 
Communications of free radicals such as super-
oxide, nitric oxide (NO), and peroxynitrite have 
been established to be important in the pathoge-
nesis of conditions such as hypertension, athero-
sclerosis, diabetes and the resulting cardiovas-
cular diseases (7-9) and to induce myocardium 
reperfusion injury following coronary artery by-
pass grafting (10). Excessive levels of superox-
ide during oxidative stress caused a reduction in 
NO bioavailability by forming peroxynitrite and 

resulting in endothelial dysfunction. In addition, 
the existence of antioxidants, such as, Superox-
ide dismutase (SOD) was necessary to compete 
with NO for superoxide, and to reduce the for-
mation of peroxynitrite (7).  
The question is whether the lifestyle and the con-
sequently resulted overproduction of Free radi-
cals play a role in inducing these recorded sig-
nificant discrepancies of the incidences of dif-
ferent chronic diseases in different areas across 
the globe. 
 
Hypothesis 
We propose that environmental factors induced 
alterations in the genetic codes in the preceding 
generations, which were inherited and were fur-
ther modified by our modern life style and lead 
to the appearance of chronic degenerative dis-
ease. We believe that this process is a possible 
explanation for the variety in the incidences and 
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prevalence of these diseases in different regions 
of the World. 
 
Evidence: The role of Free Radicals in caus-
ing genetic mutations 
When we analysed the traditional English Menus 
over the last 500 yr since the Tudor times and 
compared the results with the required dietary 
standards, we found that lack of afforded anti-
oxidants in diets was significant in the majority 
of the examined menus (Table 1-4). Deficiency 
of vegetables & fruits was also remarkably sig-
nificant. However, how can lack of antioxidants 
and over production of   Reactive Oxygen Species 
induce somatic mutations, which presumably form 
the grounds for the development of chronic non-
infectious diseases? 
One example of possible changes in genetic ex-
pression is that the single electron reduction of 
molecular oxygen to superoxide initiatives the 
formation of a family of ROS that pose a con-
stant and insidious threat to aerobic organisms 
(11-13).  
The released superoxide can specifically liberate 
Fe++   from cellular iron- sulphur clusters {4 Fe- 
4S} ++   + O--   + 2 H+→ {3 Fe – 4S} + + H2 
O2 + Fe++. 

The hydroxyl radical which generated from the 
superoxide and hydrogen peroxide through transi-
tion-metal-catalyzed Fenton chemistry (Fe ++ + 
H2 O2 ¡ú +OH * + OH-)   is reactive & gen-
erating numerous radical adducts and their da-
tives. This condition is similar to what usually oc-
curs in case of radiation.  
Moreover, the negative charge of DNA facilitates 
the local generation of hydroxyl radical through 
the binding transition metals.  
The overall consequences is that ROS can gener-
ate oxdatively modified bases as well as  single and 
double strand breaks if un-repaired, such oxidative 
damage can lead to mutation that can range from 
single nucleotide substitution to gross chromosomal 
rearrangement which in a metazoans can have 
somatic as well as germ line consequences (14). 
 

The Role of Antioxidants 
Besides functioning as an electron donor in the en-
zymatic removal of hydrogen peroxide catalyzed 
by ascorbate peroxidase, water- soluble can be 
oxidized non- enzymatic ally by superoxide or hy-
droxyl radicals to yield the monohydroascorbate 
radical (MDA). In this sense, ascorbate can act 
directly as a scavenger of superoxide or hydroxyl 
radicals. Vitamin C is required in the diet of pri-
mates (including humans). This is due to the lack of 
a gene that encodes one of the enzymes required 
for ascorbate synthesis from glucose (15, 16).  
One of the major cellular targets for attack by 
oxygen-derived free radicals species is the poly-
unsaturated fatty acid components of phospholip-
ids cell membranes. This can lead to the propa-
gation, in chain reactions, of extensive peroxida-
tive damage. However, the presence in the me-
mbranes of a lipid-chain-breaking antioxidant such 
as α- tocopherol can quench this propagation.  
My response to this is explanation is   that oxida-
tion of α- tocopherol to α- tocopheroxy radicals 
occurs during this process when lipid peroxyl ra-
dicals are quenched. Then the resultant products 
accept hydrogen to regenerate the original α-
tocopherol molecules (17). 
 
Can the genetic mutations in the precedent 
generations be inherited to their successors? 
It is likely that altered Reactive Oxygen Inter-
mediates (ROI) metabolism is involved in inher-
ited phenotype. For example, the derived SW620-
IR1 cell line from SW620 human colon cells 
was found surviving to ionizing radiations and 
showed an increased radio sensitivity and a higher 
yield of spontaneous chromosomal aberrations.   
This was obviously clear at comparing the two 
cell lines for their radiation-induced modifications 
at the level of ROI production, antioxidant ac-
tivities, and chromosomal aberrations (18).  Com-
pared to SW620, SW620IR1 cells exhibit a higher 
and more persistent ROI induction after various 
doses of ionizing radiations and a higher yield 
of dicentric chromosomes.  They are also charac-
terized by lower basal activities of glutathione per- 
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oxidase and manganese-containing superoxide 
dismutase, and lower ability to induce these an-
tioxidant defences after irradiation. Resumption 
of cell growth after irradiation coincides with maxi-
mal induction of antioxidant activities and nor-
malization of ROI concentration.  
However, at that time radiation-induced chro-
mosomal aberrations are eliminated, leading to the 
proliferation of genetically unstable cells. These 
results indicate that the inherited sensitivity of 
SW620IR1 cells is associated with altered anti-
oxidant activities resulting in higher and more 
prolonged oxidative stress after radiation expo-
sure. They also suggest that the normalization 
of ROI levels allows these p53 mutant cells to 
resume proliferation although high levels of DNA 
damages are persisting, thereby explaining the 
chromosomal instability observed as a delayed 
effect of radiation exposure.   
Again, researchers have noted a high incidence 
of obesity among the Pima, a Native American 
tribe whose ancestral homeland is along the Gila 
and Salt rivers in Arizona. The Pima tend to eat 
a similar diet to the average Americans, which 
usually consists of chips, bologna, ice cream, and 
all the other high-calorie, low-nutrient foods. How-
ever, whereas the average American is over-
weight, the average Pima is more dramatically so. 
This suggests that long ago, when the ancestors 
of the Pima had to face repeated periods of 
famine in the dry lands of the American South-
west, survival favoured the individual or indi-
viduals who had a mutation for fat storage. It so 
happens that today, there is more than enough 
food at the local supermarket, but by now the 
Pima as a group has the fat-storage gene. There-
fore, many members of the tribe have to un-
dergo strict dietary and exercise regimens so as 
not to become grossly overweight and suscepti-
ble to heart disease and other ailments. 
Certainly, the confirmation of this theory will 
increase our awareness of the mechanisms of 
these chronic degenerative diseases, will create 
new era for management of these groups of pa-
tients, and will assess in designing new strategy 
for the prevention of these diseases in the future. 

Table1: Peasant (15th Century)19 

 

Nutrient Units Intake Per 100 
Grams R.N.I 

Selenium (Se) ugm +20 1 75 
Vitamin C mgm mgm 1 40 

Table 2: Meat eaters (15th Century‘s Diet) 
 

Nutrient Units Intake Per 100 
 Grams R.N.I 

Vitamin C mgm 0 0 40 

Table 3: Sailors (Robert Hitchcock in 1580) 
 

Nutrient Units Intake Per 100 
Grams R.N.I 

Selenium (Se) ugm +32 1 75 
Vitamin C mgm 1 0 40 

Table 4: Hospital (St. Bartholomew’s Hospital in April 1687) 
 

Nutrient Units Intake Per 100 
Grams R.N.I 

Vitamin C mgm 34 1 40 

Acknowledgements 
The author declares that there is no Conflict of In-
terests.   
 
References 
1. Burdon RH (1999). Gene and the environ-

ment. 1st ed. Taylor & Francis Limited, 
London, pp. 224-34. 

2. Mori K, Gehlbach PL, Kabasawa S, Ka-wa-
saki I, Oosaki M, Iizuka H, Katayama S, 
Awata T, Yoneya S (2007). Coding and 
non coding variants in the CFH gene 
and cigarette smoking influence the risk 
of age-related macular degeneration in a 
Japanese population. Invest Ophthalmol 
Vis Sci, 48 (11): 5315-19.   

3. Hitchins MP, Wong JJ, Suthers G, Suter 
CM, Martin DI, Hawkins NJ, Ward RL 
(2007). Inheritance of a cancer-associ-
ated MLH1 germ-line epimutation. N Engl 
J Med, 356(7): 697-705. 

4. Marenkova-Novoselia TV, Deĭneko EV, Shu-
mnyĭ VK (2007). [Mosaic expression pat-



AM El-Tawil: Different Prevalence of… 
 

99 

tern of the nptII gene in transgenic tobacco 
plants Nu 21]. Genetika, 43(7): 943-54. 

5. Descamps O, Hondekijn JC, Van Acker P, 
Deslypere JP, Heller FR (1997). High 
prevalence of a novel mutation in the exon 
4 of the low-density lipoprotein receptor 
gene causing familial hypercholesterolemia 
in Belgium. Clin Genet, 51(5): 303-8. 

6. Lopera F, Ardilla A, Martínez A, Madrigal 
L, Arango-Viana JC, et al. (1997). Clinical 
features of early-onset Alzheimer disease 

in large kindred with an E280A preseni-
lin-1 mutation. JAMA, 277(10): 793-99. 

7. Chavez MD, Lakshmanan N, Kavdia M (2007).

Impact of superoxide dismutase on nitric 
oxide and peroxynitrite levels in the mi-
crocirculation- a computational model. Conf 
Proc IEEE Eng Med Biol Soc, 2007: 1022-
26. 

8. Maier KP (2007). Non-alcoholic steatohepati-
tis a new epidemic. Schweiz Rundsch Med 
Prax, 96(47): 1857-60. 

9. Tengattini S, Reiter RJ, Tan DX, Terron MP, 
Rodella LF, Rezzani R (2008)  Cardio-
vascular diseases: protective effects of me-
latonin.  J Pineal Res, 44(1): 16-25. 

10. Ambrus CM, Lajos TZ, Stadler I, Stadler A, 
Alfano J, Tulumello JA,  Ambrus JL Jr 
(1999). Myocardial release of non-trans-
ferrin-bound iron during cardio-pulmonary 
bypass surgery. J Med, 30(3-4): 157-67. 

11. Beckman KB, Ames BN (1997). Oxidative 
decay of DNA. J Biol Chem, 272(32): 
19633-36.  

12. Halliwell B, Gutteridge JM (1997). Lipid per-
oxidation in brain homogenates: the role   
of iron and hydroxyl radicals. J Neuro-
chem, 69(3): 1330-31. 

13. Eberhardt W, Beck KF, Pfeilschifter J (2002). 
Cytokine-induced expression of tPA is 
differentially modulated by NO and ROS 
in rat mesangial cells.  Kidney Int, 61(1): 
20-30. 

14. Burdon RH (1999). Genes and the environ-
ment. 1st ed. Taylor & Francis Limited, 
London, pp. 55-69. 

15. Asada K (1997). Ascorbate peroxidase and 
monodehydroascorbate reductase: Key 
enzymes for hydrogen peroxide-scav-
enging system in plants. In: Oxidative 
stress and the Molecular Biology of 
Antioxidants Defenses. Ed, Scandalios. 
1st ed, Cold Spring Harbor Laboratory 
Press. New York, pp. 715-35. 

16. Noctor G, Foyer CH (1998).  Ascorbate and 
glutathione: keeping active oxygen under 
control.  Annual Rev Plant Physiology 
Plant Mol Biol, 49: 249-79. 

17. Burdon RH (1999). Genes and the environ-
ment. 1st ed. Taylor & Francis Limited,

London   pp. 69-82. 
18. Tulard A, Hoffschir F, de Boisferon FH, 

Luccioni C, Bravard A (2003). Persistent 
oxidative stress after ionizing radiation is 
involved in inherited radiosensitivity. Free 
Radic Biol Med, 35(1): 68-77. 

 


