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lonization & Excitation

When low or intermediate radiation dose is absorbed by the
body, excitation and ionization occurs.

Excitation occurs when the radiation transferee little energy to
the atoms, electrons moves from lower to higher orbit within
the atom.

lonization occurs when radiation carries enough energy to
remove the electrons from the atom and producing ion pairs.

Since living tissue contains 70 - 80% water, 34 eV is needed to
produce one ion pair in water or tissue.



At intermediate radiation dose, two actions may occur:
I-Direct Action

2-Indirect Action



Direct & Indirect Effect
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Direct Action (Particle Radiation)

1- Particulate radiation (Beta, Alpha, Protons or gamma rays);
Damages the cell directly by breaking chemical bonds.

2- Radiation may directly hits the critical target in the cell .

3- The degree of damage to the cell depends on what part of the cell
the radiation may hits (i.e. membrane, proteins, DNA, RNA, etc)
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Direct Action (Gamma Rays)

Gamma Ray

DNA Molecule



Free-radicles Formation by Indirect
Action

Electron

Radiation



INDIRECT ACTION

Free radical is a chemical compound electrically neutral but it contain unpaired electron
in one of its orbits. It become very reactive chemically, and can stay free for longer time
than single atoms .




Radiolysis of Water Molecules

Excitation Radical species
H,0 SAAAAAAAG H0* =t He 4+ OH-
Radiation ‘ |
lonization
H,0 AAAAAAA- H,0* + o"
+H20
: > H,0"
+H
. H.
H’ + OHO B

+H,0 -
— en

He + OH™ <=

Products formed as the result of excitation and ionization of water. After the
initial physical event, the excited or ionized water molecules dissociate to form the primary
products shown. These, in turn, react with water or hydrogen ions, as shown.

5 free radicals formed by radiation



Biological effects of radiation?
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Biological Effect of Radiation

Hair Loss

Mutation

Radiation Burns




The Thiol (-SH) Group

Thiol groups (-SH group, sulfhydryl group) are available in
biological systems in cysteine amino acid and in biological

Co-factors such as lipoamide , lipoic acid, and Glutathiol (GSH).

Thiol group is the most powerful reactive compound in the
biological systems.

It undergoes a wide variety of chemical reactions which
influences on biological functions.

The most important property of Thiol-group is its tendency to
ionize to Thiolate anion, which is usually the reactive species.

~SH & =S~ +HT

Thiol group have a very weak hydrogen-bonding capabilities. It
can easily give the hydrogen in any chemical reaction.



* Biological Thiol can repair damaged of biological molecules
( Rl) by chemical reaction.

R} + R,SH - R H + R,S



* The majority of Thiol group found inside the cell joined with big
protein molecules and amino acids such as the cysteine, but its
amount is not enough to prevent radiation damage or repair the
damage.

* Some fats inside the body such as, Gluta-thiol ( GSH), contains
Thiol-group 1n its structure and can be added to the body
externally to enhance repair mechanism.

* Some materials such as DL-Buthion, Diazenedicarboxylic acid,
and R-sulfoxim, can reduce the level of GSH inside the cells and
therefore increase radiation sensitivity.




* Thiol group can remove free radicals and ions generated
from radiolysis of H,O molecules.

RSH+ OH — RS + H,0
RSH+ H - RS + H,0

RSH+H - R +H,S

RSH+e,, » R +SH"



Human Cell Function

Main Cell Functions

e 1- Protein synthesis
* 2- Proliferation
* 3- Energy libration

Components of Human Cell

plasma membrane
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Protein Synthesis

Protein molecules is a chains of
amino acids connected in such a
way to form different types of
proteins.

The DNA in the nucleus carries the
genetic code that is responsible
about the kind of the protein.

The genetic code is a repetition
sequence of the base molecules
such as; Addnein-Thymine (A-T) or
cytosine- Goanein (C-G), and a
phosphate-sugar molecules which
makes the backbone of the DNA.

DNA Structure
5' 3

Nitrogenous
Bases

Major Groove

Minor Groove

Sugar Phosphate
Backbone




The required genetic code transfer from
the DNA to the RNA amino acid molecule
inside the nucleus which is then called
“m-RNA”.

The m-RNA carry the code outside the
nucleus to the Ribosome where there is
another amino acid molecules “t-RNA”.

The t-RNA migrate throughout the
cytoplasm looking for the amino acid that
it carry its code, then it attached to that
amino acid and carries it to the Ribosome
to be connected with another amino
acids to build specific protein the cell
need.

Any internal or external interference
with this process leeds to inhabit protein
synthesis, loss cell function, and the cell
death.

\ Pratein Slr&\\csis

\

mR A
Nucleos \ m(emb:\s)t\(

RN R

ONA o = PNy z‘&‘ pr:i?:“
" /q'wr\'ts u""‘?"n* X (SnM{s\
Like amind acid '5|'f . " (rs%:&>

+ RNA agsemoltd
ﬂ e

oMind Ocids

/ pring g

/



Proliferation

One cell or more goes to multiply its numbers by division.

Two types of cells are found in the body; body cells and genetic
(germs ) cells.

Body cells goes into indirect cell division in which the
chromosomes number multiplied through the following stages:
— 1- Prophase

— 2- Metaphase

— 3- Anaphase

— 4-Telophase

The time between two divisions for the cell is called “Interphase”,
in which a growth of important molecular structure are taking
place.



Stages

ISion

Cell Div
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Energy Libration

Oxidation for organic molecules can be regarded as the key for
the vital energy production mechanism in the cells.

Energy stored in special organic phosphate molecules (ATP).

It was found that the oxidation of two molecules of the organic
compound NADH, in the respiration system produce three ATP
molecules.

The stored ATP molecules can generate energy when combined
with H,0 molecules.

All oxidation process carried out inside the mitochondria .
The process of energy libration called “Krebs cycle”




Radiation Effect On Co-A

* Coenzyme A (CoA, CoASH, or HSCoA) is a coenzyme, notable
for its function in the synthesis and oxidation of fatty acids, and
the oxidation of pyruvate in the citric acid cycle.

* (Co-A plays a important helpful rule in maintaining human body
function such as;

1- Play important rule in energy production inside the
mitochondria.

2- Play important rule in syntheses of amino acids.
3- Play important rule in syntheses of fatty acids.
4- play important rule in production of Acetyl choline molecules.

* Note: reduction of acetyl choline produce many physiological
disorder of organs functions in the body.




Thiol-groups plays important rule in
production of Co-A.

Cysteine amino acid reacts to form the

“4-Phosphopantethice”  compound,
the basic molecule in production of
Fats.

The activity of this compound is due to
the presence of the Thiol-group in its
structure.

Any interference of free radicals with
Cysteine or the SH-group may
inhabit the production of CO-A.
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e CO-A is important in energy libration process where it
combine with Pyrovate to form Acetyl CO-A, which is
important to initiate the citric acid cycle.

0=C-O° O

C=0 +(C0O-A + NAD——> COA-S-C-CH, + CO, + NADH

CH,

Pyrovate Acetyl CO-A



CO-A is vital in production
fatty acid where Acyl CO-A
will combined with Glycerol in
long chain steps.

The type of the fat produced
depend on the Acyl added
with the CO-A.

Any interference of free
radicals with Acyl-COA or
COA inhabit the production of
fats.

Fats are important to cell
membrane.

ATP ADP

| I
GLYCEROL ———————>

1- ACYLGLYCEROL 3-P

1,2 DIACYLGLECEROL PHOSPHATE

-

<&=" = CTP
<-—- H20 == PPT
P =
1,2-DIACGLYCEROL CDP-DVIACYL
GLYCEROL
CDP-CHOLINE ----> <- INOSITOL
CMP<-- s> CHP
PHOSPHATIDYL ETHANOLAMINE PHOSPHATIDYLINOSITD
> PHOSPHATIDYL CHOLINE
---> C02- <=---- SERINE
--=--> ETHANOLAMINE
PHOSPHATIDYLSERINE

1- CYTIDINE TRIPHOSPHATE
2- CYTIDINE DIPHOSPHATE
3- CYTIDINE MONOPHOSPHATE
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Radiation Effect on Homocysteine

Homocysteine has a vital rule in production of number of amino
acids. This activity is due to the SH-group it contain.

Homocysteine can interact with Serine to form Cysteine amino
acid:

Homocysteine + Serine ——> Cysteine + a-Ketobutyrate

Cysteine is important for the function of the cell where it enter in
the production of different types of Protein, the Co-A, and the
Tetrahydrofolate compound, the active part of Folic acid.



Production of Tetrahydrofolate
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Krebs Cycle
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Citric Acid Cycle

Thiol-group regarded as the main target for free radicals. Any interaction of
the radicals with thiol-group in mitochondria can inhabit Krebs Cycle.



Thank Yowu



