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Abstract 
 

The effect of radiotherapy on hemoglobin (Hb) polymer, 

obtained from patients (cases) before and after two periods of local 

gamma irradiation was studied. The results were compared with 

healthy volunteer. The patients were classified into two main groups. 

The first group represents cases that suffer from breast cancer, 

while, the second group represents cases that suffer from pelvic 

cancer. The total doses for breast cancer were ranged from 45 to 50 

Gy, divided into 25 fractions for 5 weeks. While the total doses for 

pelvic irradiation were ranged from 20 to 66 Gy; divided into 10−25 

fraction for 2−5 weeks. 

The physical properties of Hb have been studied via several 

characterization techniques, such as X-ray diffraction, viscosity, 

Fourier Transform Infra-red spectroscopy (FTIR), Electron Spin 

Resonance (ESR) and UV-visible spectra. 

The resultant effects of radiotherapy can be summarized as 

follows: 

X-ray diffraction pattern of Hb polymer, for control and cancer 

breast before and after exposure to accumulated gamma irradiation, 

were characterized by halo consisting of two adjacent peaks with 

maximum intensity observed at 2θ = 9.549 and 21.222, respectively. 

By increasing the gamma doses, a decrease in crystalline phase 

(disordering character) were obtained. Also, the halo’s width at half 
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of maximal intensity (∆W) shows a decrease followed by an 

increase with increasing the accumulative gamma dose up to 50 Gy, 

but still below +ve and –ve control values. 

The viscosity were measured for Hb solutions of concentration 

4.1x10-5 Mol on the base of heme-heme interaction and at different 

shear rates (10−400 sec-1). The plastic viscosity for every 

hemoglobin samples was calculated by Bingham equation using 

specific software of the viscometer.  There was an increase in the 

plastic viscosity of Hb cancer patients compared to –ve control. On 

irradiation the viscosity shows an increase with increasing the 

accumulative gamma dose.  

Fourier transform infra-red spectra (FTIR) indicated that there 

is a decrease in intensity of all Hb amides for cancer patients with 

the radiotherapy. Local irradiation caused a decrease in intensity of 

amides, indicating some destruction of amides bonds at the mid of 

accumulated doses. At the end of irradiation there is an increase in 

intensities which means more association of bonds (cross-linking). 

These cross-linking achieved also in the cases of pelvic irradiation 

on radiotherapy. 

 

Electron spin resonance (ESR) was performed for the 

lypholized Hb samples and the number of free radicals was 
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calculated. The number of free radicals for all cancer patients was 

increased over the range of negative control. On radiotherapy the 

number of free radicals increases at the end of irradiation. 

Hb solution samples were adjusted at concentration of (2.6x10-5 

mol) on the base of globin band at 275 nm using distilled water, 

recorded from (200−700 nm) using UV-Visible spectrophotometer. 

There is an increase in absorption in breast cancer globin-heme 

interaction band for positive control compared to negative control. 

 For soret band, there is a decrease in absorption of soret band 

for the +ve control than the value of –ve control. While, on 

irradiation there is an increase in absorption with increasing of 

doses. 

For B-band there is a decrease in absorption for positive control 

compared to negative control. On irradiation the value decreased 

then increased at the end of irradiation. 

For α-band there is a decrease in absorption for +ve control 

compared to negative control. While, on irradiation there is an 

increase in absorption with increasing of doses. 
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Introduction 
Radiotherapy is one of the most important treatment modalities 

for human malignancy. Radiation therapy is often utilized as 

adjunctive or primary treatment for malignancies (1). Radiotherapy is 

a suitable treatment for men of any age and is effective as surgery at 

treating localized breast and pelvic cancer (2). Breast cancer is the 

major concern for women exposed to low-level radiation because of 

its high incidence and 40%, mortality rate.
 
In the United States, one 

in eleven women will get breast cancer.
 
The incidence of mortality 

from breast cancer is almost nonexistent in men.
 
Because of their 

increased incidences of thyroid and breast cancer, women are also at 

greater risk of developing these cancers as a result of radiation (3, 4). 

 Fractionation of the radiation dose may produce either an 

increase or decrease in the incidence of anomalies, depending on the 

time interval between exposures. If the critical period has a narrow 

time window, then fractionation over short periods of time may 

increase the damage by placing more radiation in the critical period 

and producing more mitotic death. Exposures at an early stage will 

increase the sensitivity to radiation exposure in a later critical period 
(5). Radiation caused irreversible changes at the molecular level by 

breakage of the covalent bonds of the polypeptide chains. The 

exposure of proteins to oxygen radicals resulted in both non-random 

and random fragmentations (6). Chemical changes of the proteins that 
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are caused by γ-irradiation are fragmentation, cross-linking, 

aggregation, and oxidation by oxygen radicals that are generated in 

the radiolysis of water (7). The protein fragmentation in aqueous 

solutions is affected by the local conformation of an amino acid in 

the protein, its accessibility to the water radiolysis products, and the 

primary amino acid sequence (8).  

 The hydroxy and superoxide anion radicals that are generated 

by radiation could modify the primary structure of the proteins, 

which would result in distortions of the secondary and tertiary 

structures (9). Covalent cross-linkages are formed between free 

amino acids and proteins and between peptides and proteins in 

solution after irradiation (10).  

Hemoglobin is one of some ordinary proteins, consisting of two 

identical α-chains of 141 amino acids each, and two identical β-

chains of 146 amino acids each (11). The heme iron is ferrous in the 

tense (T) and relaxed (R) states (12). The difference between the tense 

and the relaxed states is primarily brought about by a movement of 

the α2β2 dimer as a whole with respect to the α1β1 subunit (13). 

Generally polymers are a familiar part of everyday life that 

have found widespread applications in many domains of techniques 

especially in micro-electronics fabrication, space and nuclear 

technologies. When polymeric materials are exposed to radiation, 

their properties are changed to a different extent as a consequence of 

the irreversible modifications occurred in their structure. Some of 
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these changes have been attributed to the scissioning of the polymer 

chains by incident radiation, breaking of covalent bonds, promotion 

of cross-linkages, formation of new chemical bonds (14-20).  

The stretching in Hb bonds or its conversion to some 

derivatives, besides the damage occurred express from absorption 

bands. Electronic absorption spectrum of Hb indicates the 

coordinating group with heme-iron through the intensity and shape 

of the absorption bands in visible region. Also, the hemoglobin is 

more radio-resistant than isolated globin due to the heme iron 

(Drabkin (21), 1942). 

Weiss (22), (1961) has proposed that oxyhemoglobin is 

hemoglobin peroxide, with the iron atom in the ferric state and the 

oxygen molecule present as an O-
2 ion. Which is taken up in the co-

ordination shell of the ferric ion. He states that such an assumption 

accounts for the properties of oxyhemoglobin. 

Gregersen (23), (1963) showed that at low shear rates the 

viscosity of heparinized blood obtained from man shows a linear 

relationship with the volume percent of cells. Analysis of such semi-

log plots indicates that the dependence of plasma viscosity on shear 

rate can be attributed to the presence of fibrinogen and that the 

dependence of blood viscosity on volume percent cells is unaltered 

by the removal of fibrinogen. In addition, they found that the dextran 
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preparations obtained from two different sources have similar effects 

on blood viscosity which increases in proportion to the molecular 

weight and the concentration of the dextran used. Also, a given shear 

rate and for a given cell percentage, the viscosity of heparinized 

blood obtained shows a direct relationship to the mean corpuscular 

volume (MCV). Such correlation between viscosity and MCV is less 

marked in Ringer-washed cell suspensions prepared from the blood 

of these species. Shrinkage of red cells by washing with a hypertonic 

solution results in an increase of mean corpuscular hemoglobin 

concentration (MCHC) and a rise of viscosity. Swelling of red cells 

by washing with a hypotonic solution causes a decrease of MCHC 

and a lowering of viscosity. 

Manoualova and Maniolov (24) (1972) found that the X-ray 

irradiation of Hb in vitro leads to oxidized heme iron, and 

consequently breaks the non-covalent bonds between globin and 

heme. This degradation increases with temperature elevation as a 

result of globin denature. 

The conversion to methemoglobin and partial coagulation was 

reported by (Szweda et al. (25), 1976) as a result of exposure 

hemoglobin to 1 M rad of gamma ray. Meanwhile, the irradiation at 

dose levels between 4 and 5 M rad leads to the appearance of 

hematochromogen. Also, they added that a considerable part of the 
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molecule exhibits an increase in oxygen affinity coupled with a 

decrease in heme-heme interaction. 

Lohmann and Loffller (26) (1977) stated that ESR 

investigations of lyophilized blood patients with acute lymphatic 

leukemia exhibit an increase in concentration and additional peak 

not present in control samples. The results show that the ESR 

spectra of lypholized blood samples can be utilized to follow the 

effect of therapy. They have shown that lypholized blood of patients 

with acute leukemia exhibits an increase in spin concentration and a 

characteristic electron spin resonance (ESR) signal located at about 

g  = 2.005.  

Wdzieczak et al. (27), (1978) stated that the structural and 

functional changes of gamma irradiated bovine hemoglobin are 

presented. Aqueous solutions/1%/of HbO2 were irradiated in air with 

doses ranging from 1 to 4 Mrad. Isoelectric focusing indicated 

change of the charge of irradiated hemoglobin. The isoelectric point 

of hemoglobin was displaced towards more acid values with 

increasing doses, up from 1 Mrad. Fingerprint analysis and peptide 

column chromatography of irradiated hemoglobin demonstrated 

disturbances increasing with the dose. These changes were 

confirmed by amino acid analysis which showed that Cys, Met, Trp, 

His, Pro and Tyr residues were destroyed or modified following 
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irradiation. At doses exceeding 1 Mrad the irradiated solutions of 

hemoglobin showed a decrease of heme-heme interaction and an 

increase of affinity for oxygen. Differences observed in oxygen-

dissociation curves seem to be correlated with the radiation induced 

destruction of amino acid residues which are responsible for the 

functional properties of hemoglobin.  

It is known that hemoglobin (Hb) synthesis consists of three 

levels. The physiological function of this Hb in blood is to transport 

O2 from lungs to the tissues, deliver it to tissues and facilitate the 

transportants of CO2 from tissues to the lungs. This function depends 

on globin-heme interaction which refers to Hb stabilization and in 

heme-heme interaction of tetramer Hb which in its role determine 

Hb-O2 affinity (Abd El-Baset (28), 1986). Moreover, the structure of 

Hb and its above mentioned interactions come from its electronic 

absorption spectrum. 

Lars (29), (1991) showed that the shear stress refers to the 

laminar frictional force exerted by the blood as it moves along the 

vessel wall and is represented by the equation: ηV / D, where η is 

blood viscosity, V is blood flow velocity and D is vessel diameter. A 

shear stress stimulus under experimental conditions, typically an 

elevation in blood flow, is created by decreasing downstream 
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vascular resistance so that flow through the feeding conduit artery is 

increased. 

Dong et al. (30), (1992) investigated that the reological 

properties of normal erythrocytes appear to be largely determined by 

those of the red blood cell membrane. In sickle cell disease, the 

intercellular polymerization of sickle hemoglobin upon 

deoxygenation leads to a marked increase in intracellular viscosity 

and elastic stiffness as well as having indirect effects on the cell 

membrane. The transition from membrane to internal polymer 

dominance of deformability as oxygen saturation is lowered.  

Liu et al. (31), (1994) stated that FT-NIR spectra have been 

measured for various polypeptides and proteins with different 

secondary structures to find an NIR marker band for the structure of 

the proteins and polypeptides. Their FT-IR spectra have also been 

obtained to assist in the interpretation of the FT-NIR spectra. 

Comparison between the FT-NIR and FT-IR spectra shows that 

there is a clear correlation between the frequency of an NIR band 

near 4855 cm-1, assignable to a combination of amide A and amide 

II, and that of an IR band near 3300 cm-1 due to amide A for the 

polypeptides investigated. Therefore, the NIR band (hereafter, we 

identify it as amide A/II) may be used as a practical indicator for the 

strength of hydrogen bonds in the amide groups, as in the case of 
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amide A. The frequency of amide A/II changes little with the 

secondary structure for both the polypeptides and proteins, and thus 

it is rather difficult to use this band as a marker band of the 

secondary structure. For the globular proteins such as hemoglobin, 

albumin, and lysozyme, irrespective of their secondary structure, 

both amide A/II and amide A appear in similar positions. This 

observation indicates that amide A/II can also be set for monitoring 

the destruction of the hydrogen bonds in the amides induced by the 

denaturation 

Dellarovere  et al. (32)  , (1995) stated that the role played by 

free radicals in carcinogenesis and their relationships with 

antioxidant pool and cancer have already been shown. Free radicals 

cause oxyhemoglobin oxidative stress which increases 

methemoglobin and hemichromes.  

Saad-El-Din et al (33)., (1996) reported that the free radical 

arising from the interaction of radiation with water affect the 

biochemical environment of the hemoglobin molecule which can 

result in oxidation of the aromatic side chains amino acid of the 

globin part, with the subsequent disturbance in its spatial structure. 

Iron oxidation and partial conversion of oxyhemoglobin to 

methemoglobin have been recorded after whole body irradiation 

with 13 Gy as fractionated doses.                           
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Zijlstra and Buursma (34)  (1997) said that  absorptivity at 540 

nm of bovine hemiglobincyanide (cyanmethemoglobin) was 

determined on the basis of the iron content and found to be equal to 

the established value for human hemiglobincyanide (11.0 L · mmol−1 

· cm−1). On this basis the absorption spectra of the common 

derivatives were determined for bovine hemoglobin. There proved to 

be only slight differences in the oxyhemoglobin, deoxyhemoglobin, 

and carboxyhemoglobin spectra between bovine and human 

hemoglobin. For comparison of the methemoglobin spectra a new 

series of measurements was made for human hemoglobin. As also 

found in the rat, the methemoglobin spectrum of bovine blood 

differed considerably from that in the human. These differences 

should be taken into account in multi-component analysis. 

Wesmore et al. (35), (1996) investigated that the scattering of 

photons from biological samples was found to produce one or more 

peaks in the forward direction of scattering (i.e., at low scattering 

angles) . These peaks are due to the interference of photons 

coherently scattered from molecules of the medium. 

Kuenstner et al. (36), (1998) stated that absorbance spectra for 

the hemoglobin species, including oxy-, deoxy-, carboxy-, and 

methemoglobin in the midinfrared region, are presented. The 

absorbance spectra of all species in aqueous solution are similar with 
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absorption bands centered at approximately 3280, 3080, 2964, 1653, 

1541, 1456, 1396, 1302, 1248, and 1105 cm-1. 

Omran et al. (37), (2001) studied the effect of He-Ne laser of 

wavelength 632.8 nm & power of 13 mW for 30, 60, 90 and 120 min 

on blood samples. The study comprised the determination of blood 

viscosity. The blood viscosity showed an exponential enhancement 

with the irradiation time. This indicated that there is a probability of 

using the obtained results as an endovour for getting a new 

biological dosimeter. On the treatment side, this investigation may 

help the diabetic patients in stopping their bleeding when performing 

a certain operation. 

 Yongwoo and Kyung (38) (2002) studied the effect of gamma 

dose on the molecular properties of myoglobin, the secondary and 

tertiary structures, as well as the molecular weight size of the 

protein. Gamma-irradiation of myoglobin solutions caused the 

disruption of the ordered structure of the protein molecules, as well 

as degradation, crosslinking and aggregation of the polypeptide 

chains. The effect of irradiation on the protein was more significant 

at lower protein concentrations.  

Georg et al. (39), (2003) showed that the reological alterations 

are commonly found in malignant disease and are most pronounced 

in advanced stage cancer most of these changes are caused cancer-

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 30 

unspecific mechanism. It has been shown that the extent of these 

changes in some cancer types is related with the stage of cancer, 

prognosis of disease, and the patient’s risk for thrombosis. The most 

frequent constellation in newly diagnosed cancer is an increase in 

plasma viscosity and red blood cell aggregation that produces 

hyperviscosity, most likely at the plasma level, may represent a 

concept for cancer treatment and prevention of thrombosis.  

Fabian  et al. (40), (2004) said that the radical, generated in the 

interaction of the oxidized Fe(III) state with hydroperoxides and 

formation of the  Fe(VI) =O (oxoferryl) heme state, is transferred to 

an amino acid radicals has been ascertained, and the sequence of 

events leading to radical formation, transformation and transfer, both 

intra- and inter-molecularly, unraveled. 

 Svistunenko (41), (2005) said that the radicals formed in the 

reactions between hydroperoxides and the heme group of proteins, 

have been implicated in a number of pathological conditions where 

oxygen-binding proteins interact with H2O2 or other peroxides. 

Joost et al. (42), (2005) stated that the intrinsic properties of 

peptides, which are determined by factors such as intramolecular 

hydrogen bonding, Van der Waals bonding and electrostatic 

interactions, the conformational landscape of isolated protein 

building blocks in the gas phase was investigated. Density functional 
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theory calculations reveal that the O H in-plane bending vibration, 

together with the N H in-plane bending and the peptide C O 

stretching vibrations, is a sensitive probe to hydrogen bonding and, 

thus, to the folding of the peptide backbone in these structures. By 

comparing the experimentally observed IR spectra with the 

calculated spectra, a unique conformational assignment can be made 

in most cases. IR spectrum is less well-resolved, groups of amide I 

(peptide C O stretching) and amide II (N H in-plane bending) 

bands can still be recognized, in agreement with predictions. 

Kagan et al. (43), (2006) stated that the hydroxyl radicals are the 

most reactive and damaging species in biological systems. They are 

generated by multiple reactions, many involving H2O2 or O˙2ˉ and 

transition metal ions, including the fenton reaction: 

Fe 2+ +  H2O2  Ò  Fe3+  +  OH˙ + OHˉ 

And the metal catalysed Haber-Weiss reaction: 

Fe3+  +  O˙2ˉ Ò Fe2+ + O2 

Fe2+ +  H2O2   Ò  OH˙ +  OHˉ +  Fe3+ 

Thus, the presence of transition metals such as iron or copper, 

often in trace amounts, can catalyze the production of OH˙. This can 
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have serious consequences for biological systems and an important 

mechanism of oxidant damage to cells and tissues. 

Hori et al. (44), (2008) stated that the therapeutic significance of 

interrupting tumor blood flow after irradiation, they investigated that 

the X-irradiation-induced changes in blood flow.  Tumors in 

anesthetized male Donryu rats received local irradiation (10 Gy). At 

48 h after irradiation, tumor blood flow increased significantly.  

Nabil (45) (2008) studied the changes in some biophysical 

properties of hemoglobin molecule like the ratio in absorbance at 

578 to 542 nm in the spectrum in the spectrum following exposure 

to near ultraviolet irradiation. The A578 /A542 ratio slightly decreased 

as the doses of irradiation increased. It was concluded that exposure 

to high dose of near ultraviolet radiation induced hazardous changes 

in the biophysical properties of hemoglobin of exposed rats. 

The aim of work 

The aim of the present work is to study the effect of local 

gamma irradiation of cancer patients on hemoglobin polymer at 

different periods of their treatments. The work aimed to study of the 

change in physical properties of patient hemoglobin. First study of 

change in primary, secondary, tertiary and quaternary structure of 

hemoglobin through  X-ray diffraction, second study the change in  

rheological alterations through viscosity, third study of change in 
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amide groups of hemoglobin through fourier transform infra-red  

(FTIR) spectroscopy, fourth study of variation of number of free 

radicals through electron spin resonance (ESR). Finally study of 

bands structure of hemoglobin in the range of UV-Visible spectra.   
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Chapter (I): Theoretical Aspects  

Shortly after the discovery of X-rays in 1885 by Professor 

Roentgen scientists began to notice the harmful effects of exposure 

to this radiation. There were many years before people realized how 

dangerous X-rays and other radiation could be. Quite number of 

pioneer radiologists suffered severe injuries, and some even died, as 

a result of prolonged exposure to dangerously high intensities of X-

rays. These early workers in the field had no means of measuring the 

harm caused by radiation accurately and depended on unreliable 

effects such as the degree of skin reddening caused by the exposure, 

or on timing the exposure from a certain type of X-ray machine to 

establish quantity (46). 

In order to evaluate the hazards of radiation it is necessary to 

have a measure of the harm which is the radiation cause. The 

radiation effect is measured in terms of exposure or dose. 

1.1- Radiation Units  

A) Exposure 

One of the earliest observed properties of X-rays was their 

ability to ionize air. In 1928 the International Congress of Radiology 

specified this property as means of measuring the amount of X-

radiation, and defined a unit which was named the roentgen, (R). 

1 R = exposure to X-rays or gamma-rays of such intensity that the 
electrons produced by this radiation in 1cm3 of dry air, at 
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standard temperature and pressure, generate along their 
tracks electron - ion pairs carrying a total charge of 1esu of 
either sign. 

 

The SI unit of exposure is defined as 1 C / Kg air, without any new 

name proposed for it. Numerically 

1R = 2.58 x 10-4 C/Kg air 

The roentgen suffers from two limitations, first it was defined 

in terms of electromagnetic radiation only, and secondly it was 

defined in terms of air only. 

B) Absorbed Dose 

Because of the limitation of roentgen (R), another unit called 

the radiation absorbed dose or rad was defined as energy absorbed 

per unit mass of material. So,   

 
 

Where D is the absorbed dose and εd  is the mean energy 

imparted by ionizing radiation to matter in a volume element and dm 

is the mass of matter in the volume element (47). The unit of the 

absorbed dose is rad defined as, 

1 rad = 100 erg/g 

The SI unit of absorbed dose is the Gray (Gy), defined as 

1 Gy = 1 J/Kg =100 rad 

C) The Dose Equivalent 

dm
dD ε

=
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The units of absorbed dose defined in the pervious section are 

quite adequate for the quantitative assessment of the effects of 

radiation to inanimate objects, like irradiated transistors or reactor 

fuel. For protection of people, however, the important thing is not 

the measurement of energy deposited (the absorbed dose), but the 

biological effects due to radiation exposure. Unfortunately, 

biological effects and absorbed dose do not always have one-to-one 

correspondence, and for this reason a new unit had to be defined, a 

unit that takes into accounts the biological effects of radiation. 

The first step toward that task was the introduction of a factor 

called the relative biological effectiveness (RBE), defined as  

        [Absorbed dose from X-ray or gamma radiation (200 – 
300 KeV) producing a certain biological effect] 

RBEi =  
                 [Absorbed dose from radiation type i producing the same 

biological effect] 
 
In the meaning of RBE, there are the following notes: 

1. RBE is defined in terms of photons; therefore, it follows that 

RBE=1 for electromagnetic radiation. Also, although the 

definition of RBE specifies the energy of the photons to be 

200–300 KeV, RBE is taken as equal to 1 for photons of all 

energy. 

2. A given type of radiation does not have a single RBE, because 

RBE values depend on the energy of radiation, the cell, the 
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biological effect being studied, the total does, dose rate and 

other factors. 

3. It is a well-known that the biological damage increase as the 

energy deposited per unit distance, the linear energy transfer 

(LET), increases. Thus, heavier particles (alphas, heavy ions, 

fission fragments) are, for the same absorbed dose, more 

biologically damaging than photons, electrons and positrons. 

In 1963, the International Commission on Radiological Units 

and Measurements (ICRU) proposed the replacement of RBE by a 

new factor named the quality factor (QF). In 1973 the ICRU (48) 

recommended dropping "F" from QF, a suggestion that has now 

become practice. In 1977 the International Commission on 

Radiological Protection (ICRP) (49) recommended that the dose 

equivalent (H) at a point in tissue be written as:  

H = NQD 

Where      Q = Quality factor  

        D = absorbed dose 

         N = product of all the modifying factors. The suggested 
value of N is 1   

 

When the unit of absorbed dose is multiplied by the 

corresponding Q value, the unit of dose equivalent (H) is obtained. 

The H units are 
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1 rem = Q x 1 rad 

And the SI unit,  

 

1 Sievert (Sv) = Q x 1 Gy 

Thus, 

1 Sv = 100 rem. 

 

1.2- Introduction to Polymer Science 

Certain polymers, such as proteins, cellulose and silk, are found 

in nature, while many others, including polystyrene, polyethylene, 

and nylon, are produced only by synthetic routes. An important 

example is natural rubber (i.e., Hevea) which is known as 

polyisoprene in its synthetic form. The synthetic polymers were 

thought to be substitutes for natural polymers, but they have long 

outgrown this phase and are now seen as important materials in their 

own right (50). 

 

1.2.1- Principles  

The word polymer is derived from classical Greek word poly 

meaning "many" and meres meaning "parts". Simply stated, a 

polymer is a long-chain molecule that is composed of a large 

number of regularly repeated chemical units of the same type or 

possibly of a very limited number of different types (usually two). If 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 40 

there is only one type of chemical unit, the corresponding polymer is 

a homopolymer; if there is more than one type it is copolymer. 

Perhaps the simplest of all macromolecules is poly(ethene) 

(CH2–CH2)n which can be viewed as simply an extension of the 

covalently bound micromolecule ethane. Here n represent the 

number of (CH2–CH2) units making up the polymer chain. 

The value of n is termed the degree of polymerization. Since n 

could easily be a number as high as 10,000, then for a linear polymer 

with a repeat unit of a relative molecular mass 28 (e.g. ethene), this 

would give a polymer of relative molar mass (RMM) 280,000. In 

other words: 

 

Molar mass of the chain = molar mass of the repeat unit x n 

 

The molecule which is built up of one building unit (n=1) is 

known as monomer, if it contains two units (n = 2) it is a dimer, then 

a trimer, a tetramer, a pentamer … etc, and then for ten units is 

called oligomer, while more than this is named polymer.  

Molecules with fewer than 10 repeating units exhibit quite 

different thermal and mechanical properties compared to the 

corresponding high-molecular-weight polymer. For example, 

oligomeric styrene having only seven repeating units is a viscous 

liquid at room temperature while commercial-grade, high-molecular-
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weight polystyrene is a brittle solid that does not soften until it is 

heated to above approximately 100 ˚C (51). 

Macromolecules are therefore simple extensions of 

micromolecules in which chains of atoms are held together by 

covalent bonds. The chemical bonds within the chain are very strong 

and directional along the chains. 

Although linear chains are most commonly and easily 

produced, changing the chemistry causes the chains to be linked 

together to produce both branched and networked structures (figure 

1.1) (52). 

 
Fig. (1.1):  Schematic representations of (a) a linear polymer, (b) a branched 

polymer, and (c) a network polymer. 
 

Polymers are now ubiquitous in daily life. They have taken over 

from previous structural materials such as wood and stone, or from 

fibers used in the manufacture of clothing such as silk, cotton and 

wood. Their increased usage and success has been based on 

economic factors such as the discovery of oil and the fact that the 

natural materials become more expensive. For example, natural 

rubber has been replaced by artificial   polyisoprene.  
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Not only have polymers found a wide use in structural and 

textile materials, polymer substitutes have also found a wide 

application in medicine, for example, the use of polyethylene hip 

joints, Perspex in artificial corneas, nylon in arteries, and silicone 

rubber in artificial hearts (51). 

Other advantages of polymeric materials over conventional 

materials are that they are light and easy to transport, easy to repair 

and highly resistant to corrosion, solvent action and moisture. 

However, they possess disadvantages in that they can have poor 

mechanical strength, a short lifespan and poor resistance to 

temperature. 

Polymers also possess another property, namely processability. 

Previously only metals and glass were truly melt-processable, while 

the other natural materials such as stone, wood, and leather required 

mechanical cutting and then gluing or stitching into final shape. In 

fact, the widespread use of electricity benefited greatly from having 

plastic insulation extrudable onto wires, instead of the laborious 

wrapping of each wire with oil-soaked paper or similar material. 

This is just one example of the advantages of polymer processability 

in daily life (52).  

1.2.2- Classification of Polymers  

Thousands of polymers have been synthesized and more are 

likely to be produced in the future (over 60,000 polymers are listed 
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in the Chemical Registry System) (51). Fortunately, all polymers can 

be assigned to one of two groups based upon their processing 

characteristics or type of polymerization mechanism. More specific 

classification can be made on the basis of polymer structure. Such 

groupings are useful because they facilitate the discussion of 

properties.  

Classification Based Upon Processing Characteristics 

All polymers can be divided into two major groups based on 

their thermal processing behavior. Those polymers that can be heat-

softened in order to process into a desired form are called 

thermoplastics. Waste thermoplastics can be recovered and re-

fabricated by application of heat and pressure. Polystyrene is an 

important example of a commercial thermoplastic. Other major 

examples are polyolefins (e.g., polyethylene and polypropylene) and 

poly (vinyl chloride). In comparison, thermosets are polymers whose 

individual chains have been chemically linked by covalent bonds 

during polymerization or by subsequent chemical or thermal treat-

ment during fabrication. Once formed, these crosslinked networks 

resist heat-softening, creep, and solvent attack, but cannot be 

thermally processed. Such properties make thermosets suitable 

materials for composites, coatings, and adhesive applications. 

Principal examples of thermosets include epoxy, phenol-

formaldehyde resins, and unsatura- ted polyesters. 
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Classification Based upon Polymerization Mechanism               

In addition to classifying polymers on the basis of their 

processing characteristics, polymers may also be classified 

according to the mechanism of polymerization. One approach is to 

classify polymers as either addition or condensation. Polystyrene, 

which is polymerized by a sequential addition of styrene monomers, 

is an important example of addition polymer. 

Condensation polymers are obtained by the random reaction of 

two molecules. A molecule participating in a polycondensation 

reaction may be a monomer, oligomer, or higher-molecular-weight 

intermediate each having complementary functional end units, such 

as carboxylic acid or hydroxyl groups. Typically, condensation 

polymerization occurs by the liberation of a small molecule in the 

form of a gas, water, or salt. Any high-yield condensation reaction 

such as esterification or amidation can be used to obtain a high-

molecular-weight polymer (51). 

 Classification based upon Polymer Structure 

 In addition to classification based upon processing and 

polymerization characteristics, polymers may also be grouped based 

upon the chemical structure of their backbones. For example, 

polymers having all carbon atoms along their backbone are 

important examples of homochain polymers. They may be further 

classified depending upon whether there are single, double, or triple 
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bonds along their backbone. Carbon-chain polymers with only single 

bonds along the backbone are known as polyalkylenes (or 

polyalkylidenes). Examples of polyalkylenes include the addition-

type polymers polystyrene, polyolefins (e.g., polyethylene and 

polypropylene), and poly (vinyl chloride) (51). 

Carbon-chain polymers with double bonds along the chains 

such as polyisoprene and polybutadiene are called polyalkenylenes. 

Carbon-chain polymers with triple bonds are polyalkynylenes. An 

important example of a polyalkynylene is polyacetylene, an 

electrically conducting polymer.  

Heterochain polymers that contain more than one atom type in 

their backbone are grouped according to the types of atoms and 

chemical groups (e.g., carbonyl, amide, or ester) located along the 

backbone. 

1.2.3- The Statistical Nature of Polymer Chain 

In a real polymer sample consisting of many chains there is no 

usually a single value of n for all chains in the sample. Regardless of 

how much the polymer chemist may wish to produce molecules of 

one size, e.g. n = 1000, in practice a spread of molar mass will arise, 

with some molecules having an n value larger than 1000, and some 

molecules having a smaller n value. 

The concept of molar mass distribution is easy to visualize if 

we consider a hypothetical addition polymerization. Figure 1.2 
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charts the progress of a free radical R (OH• from the homolytic 

cleavage of H2O2 say) coming into contact with four ethene 

monomers (a free radical is uncharged species with an unpaired 

electron; it is highly reactive and undergoes reactions to extract an 

electron from another substrate). For simplicity the monomer unit 

will be represented by M, the dimer unit by M2, trimer unit by M3 

etc. Also included in the figure are the molar mass of each species.  

It is clear that polymerization process gives a spread of chain 

lengths and molar masses in the resultant polymer sample, and the 

question is which molar mass should be quoted-the lowest, the 

highest, or should a range be given. Although it is possible to obtain 

the spread of molar masses in a particular sample, it is a very tedious 

and time-consuming exercise. Therefore what is actually quoted is 

an average value. 

 

 

 

 

 

 

 

 
Fig. (1.2): Chain addition of four monomers (Mass values refer to R as •OH and 

M as CH2=CH2). 
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1.2.4- Molecular Weight Averages 

As previously stated, a typical synthetic polymer sample 

contains chains with a wide distribution of chain lengths. This 

distribution is seldom symmetric and contains some molecules of 

very high molecular weight. An illustration of a representative 

distribution is shown in figure 1.3.  

 

 
 
 
 
 
 
 
 

Fig. (1.3): A typical distribution of molecular weights shown as a plot of 
the number of moles of chains, Ni,  
having molecular weight Mi against Ni. 

 

The exact breadth of the molecular-weight distribution depends 

upon the specific conditions of polymerization. Therefore, it is 

necessary to define an average molecular weight to characterize an 

individual polymer sample, partly because this allows a simple 

specification or comparison of different grades of polymer, and 

partly because some methods of obtaining information about molar 

masses can give only one of these averages (50). 
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If there are Ni chains with molar mass Mi then the number-

average molar mass Mn and the weight-average molar mass Mw are 

given by:  

 

 

 

And  

 

 

 

Where Wi is the total weight of polymer chains with molar mass 

equal to Mi. The quantities Mw and Mn are equal only if all the 

polymer chains are of the same length, i.e. the polymer is mono-

disperse.  

The weight average is probably the most useful, because it 

fairly accounts for the contributions of different sized chains to the 

overall behavior of the polymer, and correlates best with most of the 

physical properties of interest 

The ratio Mw/Mn is termed the heterogeneity index (HI) or 

polydispersity index (PDI). A high Mw is usually required if the 

article is to have high ultimate strength, whereas a low Mn, is 

required for ease of flow of the polymer in the manufacture of the 

articles by injection molding or extrusion. Therefore there needs to 

be a subtle balance of Mw/Mn since any decrease in the ratio leads to 
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an increase in impact strength, tensile strength, toughness, softening 

point and resistance to environmental stress cracking but with some 

loss in processing characteristics. 

The PDIs of commercial polymers vary widely. For example, 

commercial grades of polystyrene with a Mn of over 100,000 have 

polydispersities indices between 2 and 5, while polyethylene 

synthesized in the presence of a stereo-specific catalyst may have a 

PDI as high as 30. In contrast, the PDI of some vinyl polymers can 

be as low as 1.06. Such polymers with nearly mono-disperse 

molecular-weight distributions are useful as molecular-weight stan-

dards for the determination of molecular weights and molecular-

weight distributions of commercial polymers. 

1.2.5- Polymer Morphology and Thermal Transition  

If a polymer molecule is in a particular kind of solution or in a 

melt of like molecules, its most likely state is so called random-coil. 

This coil has an open structure that can be penetrated by chain 

segments belonging to other coils, so that the chains in a molten 

polymer are likely to be highly overlapping, or entangled, if the 

molar mass is high. In addition the molecules do not all have the 

same length. At first sight these two factors appear to make it 

unlikely that a polymer could crystallize on cooling, so that it might 

be expected that polymer solids would be rather structureless. 

However, experimental evidence shows the presence of various 
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ordered structure in polymer. In fact most polymers are semi-

crystalline polymers with crystalline regions dispersed within 

amorphous material. 

The Amorphous State    

Completely amorphous polymers exist as long, randomly 

coiled, interpenetrating chains that are capable of forming stable, 

flow-restricting entanglements at sufficiently high molecular weight 

as illustrated in figure 1.4. A good analogy can be made to a bowl of 

spaghetti. Entanglements have significant importance in relation to 

viscoelastic properties, melt viscosity and mechanical properties 

such as stress relaxation and creep. 

 

 

 

 

 

 

 
Fig. (1.4): Representation of polymer in amorphous state. 

 

The Crystalline State 

Under favorable conditions, some polymers cooled from the 

melt can organize into regular structure. Such crystalline polymers 
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have less perfect organization than crystals of low-molecular-weight 

compounds.  

Different models have been proposed to describe the 

arrangement of molecules in semicrytalline polymers; the most 

accepted one is the chain-folded model, in which the chains fold 

back and forth upon themselves to form the ordered structure. But 

not only do polymers fold like this. Polymers also form stacks of 

these folded chains. A stack of polymer chains folded back on 

themselves like this is called lamella (figure 1.5). This figure shows 

what is called adjacent re-entry model of crystalline lamella.   

 

 

 

 

 

 

 
Fig. (1.5): Schematic representation of lamella. 

 

Sometimes part of a chain is included in the crystalline lamella, 

and part of it stays outside the lamella in the amorphous region. 

Often these chains return to the lamella again. In this case we have 

what is called the switchboard model of a polymer crystalline 

lamella as shown in figure 1.6.  
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Fig (1.6): Switchboard model of lamella. 

 

Due to the size of the polymer molecules, single molecules can 

not be packed into single crystals over their whole length. 

Crystalline polymers consist of relatively small crystallites separated 

by amorphous regions. The thickness of a typical crystallite (which 

is parallel to the chain axis) may be only 10 to 20 nm, indicating that 

only a portion of the complete chain is involved in each chain. 

No polymer is completely crystalline but rather consists of 

crystalline regions dispersed within amorphous regions as shown in 

figure 1.7. The degree of crystallinity in polymers ranges from 0% 

(amorphous glasses) to >90% (highly crystalline) and it depends on 

several factors such as monomer structure, processing 

conditions…etc. 
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Fig. (1.7): Mixed amorphous and crystalline regions in polymers. 

An understanding of polymer crystallinity is important because 

the mechanical properties of crystalline polymers are different from 

those of amorphous polymers. Polymer crystals are much stiffer and 

stronger than amorphous regions of polymer. Crystallinity makes a 

material strong, but it also makes it brittle. A completely crystalline 

polymer would be too brittle to be used as plastic. The amorphous 

regions give polymer toughness, that is, the ability to bend without 

breaking. 

 

1.3 Interaction of Radiation with Polymers   

The primary event in radiation damage is the ejection of high-

energy electron:  

   

 

This primary electron can then ionize additional molecules with 

the release of additional electrons in a chain reaction. An 

−⊕ +→ eRR
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electronically excited state will result when a positively-charged 

molecule is recombined with an available electron:  

 

 

An excited state will also result when the energy transfer 

associated with interaction of the radiation with the material is 

insufficient to cause ionization. Excited states in polymers can decay 

by chemical reactions involving heterolytic bond cleavage producing 

ionic species or by homolytic bond cleavage of the main chain or 

substituent groups resulting in the formation of radical species. 

Radical lifetimes can be hours and even weeks at room temperature. 

These radical are responsible for the radiation effects on polymers 
(51). 

Radiation-initiated reactions can be categorically classified as 

two types: (1) crosslinking and scission and (2) grafting and curing 
(52). 

Crosslinking is the intermolecular bond formation of polymer 

chains. Although the mechanism of cross-linking by radiation has 

been studied since its initial discovery, there is still no widespread 

agreement on its exact nature. The mechanism of crosslinking 

generally varies with the polymers concerned. The universally 

accepted mechanism involves the cleavage of a C–H bond on one 

polymer chain to form a hydrogen atom, followed by abstraction of 

a second hydrogen atom from a neighboring chain to produce 

*ReR →+ −⊕
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molecular hydrogen. Then the two adjacent polymeric radicals 

combine to form a crosslink. 

The overall effect of crosslinking is that the molecular mass of 

the polymer steadily increases, leading to branched chains until, 

ultimately a three-dimensional polymer network is formed when 

each polymer chain is linked to another chain (figure 1.8) (53). 

 

 

 

 
Fig. (1.8): Crosslinking. 

 

Scission is the opposite process of crosslinking in which the 

rupturing of C–C bonds occurs. Scission reduces the average 

molecular weight. If the energy of the radiation is high, chain 

breaking occurs through the cleavage of C–C bond. In aerated 

solution medium, however, the mechanistic way of scission 

proceeds through indirect manner. The polymeric free radicals are 

generated by solvent-free radicals, which are already formed by 

radiation. The addition of oxygen with the polymeric free radicals 

forms the peroxy species, which on decomposition forms smaller 

molecules. The oxidative degradation of the polymers depends upon 

the solvent used in the system. Actually, the polymer degradation 

competes with the oxidation of the solvent (figure 1.9). 
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Fig. (1.9): Scission. 
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Chapter (II): Experimental Techniques 

2.1- Material  

           Hemoglobin molecule has 4 polypeptide chains (globin) each 

binding one heme group. In adults there are 2 identical α chain of 

141 amino acids and 2 identical β–chains of 146 amino acids each. 

The polypeptides fold in a way that forms a hydrophobic pocket in 

the center where the heme binding site is located. The heme group 

consists of porphyrin ring with an iron atom in its center as shown in 

figure 2.1, the portion of the polypeptide, which define the heme 

pocket is entirely hydrophopic except for two histidines (54, 55). 

Hemoglobin is approximately spherical in shape with dimensions of 

65 x 55 x 50 Å. Its molecular weight is about 65,000 Daltons. To 

form a tetramer, one α and one β chain first form a dimer around a 

two-fold symmetry axis. Then two dimers combine to form a 

hemoglobin tetramer (56). 
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Fig. (2.1): Hemoglobin structure. 

The iron ion, which is the site of oxygen binding, bonds with 

the four nitrogens in the center of the ring, which all lie in one plane. 

The iron is also bound strongly to the globular protein via the 

imidazole ring of the F8 histidine residue below the porphyrin ring. 

A sixth position can reversibly bind oxygen, completing the 

octahedral group of six ligands. Oxygen binds in an "end-on bent" 

geometry where one oxygen atom binds Fe and the other protrudes 

at an angle. When oxygen is not bound, a very weakly bonded water 

molecule fills the site, forming a distorted octahedron (57).  

Primary structure is the linear sequence of the amino acids 

that make up of the molecule. For example, the α and β chains of 
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hemoglobin differ in terms of their number and order of residue 

arrangement as shown in figure (2.2). 

 

 

Fig. (2.2):  Primary structure of hemoglobin polymer. 

 

Secondary structure refers to the spatial arrangement between 

amino acids and their near neighbors. They are often mediated by 

hydrogen bonds. Two types of common secondary structure are: α-

helix and β sheets. The secondary structure of hemoglobin contains 

only α-helix. There are altogether eight α-helices in each subunit, 

accounting for 75% of the hemoglobin molecule. In most α-helices, 

amino acids coil up to form a right-handed helical structure. An α-

helix is indeed repetition of hydrogen bonds between the N-H group 
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of an amino acid and the C=O group of another amino acid four 

residues apart. Each turn in the helix is completed by an average of 

3.6 amino acids. Many types of helix structures consisting of β-

peptides have been reported. These conformation types are 

distinguished by the number of atoms in the hydrogen-bonded ring 

that is formed in solution; 8-helix, 10-helix, 12-helix, 14-helix, and 

10/12-helix have been reported. Generally speaking, β-peptides form 

a more stable helix than α-peptides (58). In chemistry, an amino acid 

is a molecule containing both amine and carboxyl functional groups. 

In biochemistry, this term refers to alpha-amino acids with the 

general formula H2NCHRCOOH, where R is an organic substituent. 

Tertiary structure refers to the steric configuration of amino 

acids that are further apart along the sequence. It describes the 

spatial relationship of different secondary structures to one another 

within the same polypeptide chain. Each subunit of a hemoglobin 

tetramer can have two kinds of tertiary structure depending on the 

binding state of the heme it contains. It assumes the R (relaxed) state 

if there is a ligand bound to the heme or the T (tense) state if heme 

binding site is vacant. 

Quaternary structure stands for the interactions and spatial 

arrangement among different polypeptides. The hemoglobin 

tetramer has two quaternary structures, R and T.  A 

deoxyhemoglobin usually assumes T quaternary structure, which has 
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a low affinity for oxygen. As it binds more and more ligands to its 

heme sites, not only does it change the local tertiary structure, it also 

induces global movement of the subunits, breaking salt bridges, 

hydrogen bonds and other spatial constraints associated with the T 

state (59).  

 

Unit cell of the polymer  

Unit cell of the polymer hemoglobin is consists of one amino 

acid as shown in figure (2.3). 

 

Fig. (2.3): Unit cell of polymer. 

 

 

2.2- Samples preparation  
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Heparinized blood samples taken from cancer patients were 

centrifuged at 3000 rpm for 20 min, then the supernatant plasma 

were removed and packed cells were washed three times with two 

volumes of physiological saline (0.9% NaCl) and the washing saline 

were removed after each washing. Packed cells were lysed with de-

ionized water and then the mixture was centrifuged at 6000 rpm at 

4°c for 45 min in order to obtain hemoglobin polymer Trivelli et 

al.,1971 (60).  

Lypholyzation process: 

           Hemoglobin samples were lypholized in a freeze drier 

lypholizer, model (EDWARDS) high vacuum int. at - 50 ˚c and 70 

mBar. 

Irradiation facilities  

             Local gamma-irradiation for breast cancer patients and 

pelvic irradiation for bladder; prostate and pelvic cancer whose 

irradiated by MDS Nordion source Co60 type C-146, serial number 

S5575 at the NCRRT. Cairo, Egypt, at a period of their treatments.  

The dose rate of the source was 110.52 cGy at the beginning of the 

experiment and 100.03 cGy at the end according to IAEA protocol 

TRS 398 f for reference field size 10×10 cm2. 
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2.3 Polymer Characterization  

The structural modifications in hemoglobin polymer samples, 

taken from healthy donors (negative control) and from radiotherapy 

patients before and during their treatments, have been studied as a 

function of dose using different characterization techniques such as 

X-ray diffraction (XRD), viscosity, Fourier Transform Infrared 

spectroscopy (FTIR), electron spin resonance (ESR), and UV-

Visible spectroscopy. 

 

2.3.1 X-Ray Diffraction (XRD) 

X-ray diffraction (XRD) is one of the most powerful 

techniques for qualitative and quantitative analysis of crystalline or 

semi-crystalline materials. This technique provides information that 

cannot be obtained by any other way. The information obtained 

includes types and nature of crystalline phase present, structural 

make-up of phases, degree of crystallinity, and amount of 

amorphous content, micro-strain, size and orientation of crystallites. 

 

A) Production of X-ray 

X-rays are a form of electromagnetic radiation with a 

wavelength between 0.01 and 1 nm, where 1 nm = 10-9 m. X-rays 

are usually produced by bombarding a metal surface with high-

energy electrons traveling along an evacuated pathway. 
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If one of the electrons bombarding the target has sufficient 

kinetic energy, it can knock an electron out of the K-shell, leaving 

the atom in an excited, high-energy state. One of the outer electrons 

immediately falls into the vacancy in the K shell, emitting energy 

corresponding to the difference in energy levels between the initial 

and final states of the electron dropping into the lower energy shell, 

and the atom is once again in its normal energy state. The energy 

emitted is in the form of X-ray of a definite wavelength and is, in 

fact, characteristic K radiation. 

The K-shell vacancy may be filled by an electron from any 

one of the outer shells, thus giving rise to a series of K lines; Kα and 

Kβ lines, for example, result, from the filling of a K-shell vacancy by 

an electron from the L or M shells, respectively. It, is possible to fill 

a K-shell vacancy either from the L or M shell, so that one atom of 

the target may be emitting Kα radiation while its neighbor is 

emitting Kβ; however, it is more probable that a K-shell vacancy will 

be filled by an L electron than by an M electron, and the result is that 

the Kα line is stronger than the Kβ line.  

Thus, CuKα radiation arises when an electron in the L shell 

drops into the K shell. In this convention, Cu designates the target 

metal, K designates the ground state of the transition and α 

designates the first excited state (61).  

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 66 

 B) Principle of Operation 

When a material (sample) is irradiated with a parallel beam of 

monochromatic X-rays, the atomic lattice of the sample acts as a 

three dimensional diffraction grating causing the X-ray beam to be 

diffracted to specific angles. These angles are called Bragg angles as 

they follow Bragg law which states that:  

2d sinθ = λ (for first order diffraction)…………… (2.1) 

Where, d is the inter-planer spacing of diffraction planes, θ is the 

Bragg angle and λ is the wavelength of X-ray. The diffraction 

pattern, that includes position (angles) and intensities of the 

diffracted beam, provides several information about the sample and 

will discussed below.  

Angles are used to calculate the inter-planar atomic spacing 

(d-spacing). Because every crystalline material will give a 

characteristic diffraction pattern and can act as a unique 

‘fingerprint’, the position (d-spacing) and intensity (I) information 

are used to identify the type of material.  

The position (d) of diffracted peaks also provides information 

about how the atoms are arranged within the crystalline compound 

(unit cell size or lattice parameter). The intensity information is used 

to assess the type and nature of atoms (62).  
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       Width of the diffracted peaks is used to determine crystallite 

size using Scherrer equation given by:  

T = 0.9 λ / B cos θ……………… (2.2) 

Where B is the full-width-at-half-maximum (FWHM) of Bragg 

peak. The "d-spacing" and "intensity I " from a phase can also be 

used to quantitatively estimate the amount of that phase in a multi-

component mixture (63). 

 

C) X-ray Diffractometer 

A schematic diagram of X-ray diffractometer is shown in figure 

2.4. In it a monochromatic radiation is used and the X-ray detector is 

placed on the circumference of a circle centered on the specimen. A 

specimen C, in the form of a flat plate, is supported on a table H, 

which can be rotated about an axis O perpendicular to the plane of 

the drawing. The X-ray source is S, the line focal spot on the target T 

of the X-ray tube; S is also normal to the plane of the drawing and 

therefore parallel to the diffractometer axis O. X-rays diverge from 

this source and are diffracted by the specimen to form a convergent 

diffracted beam which comes to a focus at the slit F and then enters 

the counter G. A and B are special slits which define and collimate 

the incident and diffracted beams (64).  
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Fig. (2.4): X-ray Diffractometer. 

The arrangement of slits in the diffractometer is illustrated in figure 

(2.5).  

 

 

 

 

 

 

 

Fig. (2.5): Arrangement of slits in diffractometer. 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 69 

Diffractometers can take different geometry and 

configuration, but the majority of commercial systems employ the 

Bragg-Brentano geometry. The common types in this configuration, 

either the X-ray tube is fixed and the specimen rotate as θ while the 

detector rotate as 2θ (θ/2θ configuration), or, the X-ray tube varies 

as θ and the detector position  varies as θ while the specimen is fixed 

(θ/θ configuration). 

 

D) Applications of X-ray Diffraction 

X-ray diffraction has application in most fields dealing with 

solid materials. XRD identifies crystalline compounds as opposed to 

X-ray Fluorescence (XRF) or other spectro-chemical methods that 

identifies just the elements. Areas of application are quite wide and 

include metals, organic and inorganic compounds. For example, in 

polymers the percent crystallinity can be quantified with XRD. This 

crystalline/amorphous ratio is related to processing methods and is 

of much importance in polymer industry. 

E) Experimental Instrument:   

               Hemoglobin samples were measured by Shimadzu powder 

X-ray diffractometer working in reflection geometry were smeared 

on a rough glass slide mounted vertically on a rotating sample 

holder. The device working at 40 KV and 30 mA, used a Cu target 

to produce 8.047 KeV, highly collimated x-ray beam. Scattering 
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angles from 20 up to 450 where scanned in a step of 0.50.  The 

rotation was in a (θ-2θ) mode. Diffraction data was collected using a 

scintillation detector employing a Sodium Iodide crystal, graphite 

monochromator and was interfaced to computer. The measurements 

made as a function of scattering angle were converted to those 

momentum transfer argument (x=1/λ sin θ) at certain scattering 

angles. The characterization parameters of the X-ray scattering 

profile were calculated using ORIGEN fitting computer program.  

  

2.3.2 Viscosity Measurements   

A) Introduction 

Of all the fluid properties, viscosity requires the greatest 

consideration in the study of fluid flow. Viscosity is that property of 

a liquid by virtue of which it offers resistance to shear stress. When 

a shearing force is applied to a fluid at rest it causes the fluid to 

deform. There are two major causes of viscosity in fluids: molecular 

attraction and transfer of molecular momentum.  

  The viscosity of real materials can be significantly affected 

by such variables as shear rate, temperature, pressure, molecular 

structure, molecular weight and time of shearing. The viscosity of a 

gas increases with temperature, but the viscosity of a liquid 

decreases with temperature. The basic unit of viscosity is the poise, 

1P= 1g / (cm.s) =0.1 Pa.s. It is widely used for materials such as 
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high-polymer solutions and molten polymers. However, it is too 

large a unit for most common fluids. Hence, the viscosity of a fluid 

is expressed in centipoise, where 100 centipoise is equal to 1poise. 

Fluids may be classified as Newtonian or non-Newtonian. In 

Newtonian fluid, there is a linear relation between the magnitude of 

applied shear stress and the resulting rate of deformation. Newtonian 

fluids have a constant viscosity (dynamic or absolute viscosity) at a 

given temperature such as water, benzene ethyl alcohol or aqueous 

solutions of salts and sugar. However, a wide range of industrially 

important liquids, such as solutions of high molecular weight 

polymers, colloids, suspensions, and emulsions exhibit more 

complex behavior, which is termed non-Newtonian. In non-

Newtonian fluid, there is a nonlinear relationship between the 

magnitude of applied shear stress and the rate of angular 

deformation. The viscosity is not independent of the velocity 

gradient. Namely, the viscosity will vary with the rate of shear (the 

difference between velocities of parallel faces of a fluid element 

divided by the distances between the faces) of the fluid. They have a 

variable viscosity at a constant temperature; the instrument is shown 

in figure (2.6). 

There are many types of non-Newtonian fluids as it is stated 

above, each having distinct properties. Measurement of these 

viscosities is more involved and requires the additional function of 

time. Non- Newtonian Fluids are classified into two categories, 
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which are time independent non-Newtonian Fluids (Pseudoplastic, 

Shear Thickening, Bingham Fluids) and time dependent non-

Newtonian Fluids (Thixotropic, Rheopectic). 

 

Fig. (2.6): Inlets and outlets of water bath and sample cup. 

 

B) Principle of Viscosity Measurements 

Non-Newtonian fluids: 

An apparent viscosity, ηa is often used to describe the flow 

behaviour of non-Newtonian fluids, can be defined as follows: 

ηa = −
γ
τ  = − Shear stress/Shear rate......................(2.3) 

The flow is analyzed with standard mathematical models. 

Mathematical models provide a means to numerically and 

graphically analyze the behaviour of fluids flow. Power law, 

Bingham plastic, Cross and, Casson models are available. It should 
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be noted that for shear thinning and shear thickening behaviour, the 

shear stress-shear rate curve passes through the origin. This type of 

behaviour is often approximated by the ‘power law’ and such 

materials are called ‘power law fluids’. The power law, also called 

Ostwald-de Waele equation is usually written as 

τ =  Κ . γn.................................................(2.4) 

Also, power law viscosity becomes as; 

ηa = Κ . γ (n-1)........................................... (2.5) 

The power n is known as the power law index or flow 

behaviour index, and K as the consistency coefficient. The constants 

K and n are determined by fitting the equation to data. Clearly, shear 

thinning behaviour corresponds to n<1 and shear thickening 

behaviour to n>1. The special case, n=1, is that of Newtonian 

behaviour and in this case the consistency coefficient K is identical 

to the viscosity, µ. Values of n for shear thinning fluids often extend 

to 0.5 but less commonly can be as low as 0.3 or even 0.2, while 

values of n for shear thickening behaviour usually extend to 1.2 or 

1.3. 

The power law model fails at high shear rates, where the 

viscosity must ultimately approach a constant value.  

A different kind of time-independent behaviour is that 

characterized by materials known as Bingham plastics, which 
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exhibit a yield stress, τy. If subject to shear stress smaller than the 

yield stress, they retain a rigid structure and do not flow. It is only at 

stresses in excess of the yield value that flow occurs. In the case of a 

Bingham plastic model, the shear rate is proportional to shear stress 

in excess of the yield stress: 

τ = τy + ηpγ…………………………….. (2.6) 

In the Bingham model equation, τy and ηp are both constants; 

refer to the yield stress and coefficient of plastic viscosity 

respectively. The Bingham equation describes the shear stress/shear 

rate behaviour of many shear-thinning materials at low shear rates. 

The whole flow curve of this type of behavior can be 

represented by the Cross model. ηo, and η∝ are the values of 

apparent viscosity for the lower and upper Newtonian regions 

respectively. The constant γm is the shear rate evaluated at the mean 

apparent viscosity (ηo+η∞)/2. 

n
mo

a

)/(1
1

γγηη
ηη

+
=

−
−

∞

∞ …………………… (2.7) 

Casson model also can be used in analysis of flow, is similar 

to Bingham plastic model. It is based on a structure model of the 

interactive behavior of solid and liquid phases of a two-phase 

suspension. 

τ oτ= + ητ …………………………… (2.8) 
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The Casson model shows both yield stress and shear-thinning 

non-Newtonian viscosity (65-70). 

 

C) Experimental 

Hemoglobin samples solution were adjusted at concentration  

4.1x 10-5  M on the base of heme-heme interaction at 575 nm 

measured directly using Brookfield digital rheometer. The rheometer 

is controlled by an (IBM compatiable) computer using specific 

software under widows 98 program, model DV-LL1 connected with 

Brookfield refrigerator bath/circulator model TC-500 and Broofield 

rheocalc for window operating interactions. the computer displays 

the different viscosity at different shear rates. The method used is 

the cone-plate method in which the sample is placed between a plate 

and a cone being rotated at different rpm. Measurements were done 

at constant temperature 250 ± 0.5 and by using Bingham equation τ 

= τy + ηpγ  , where  τy  is yield stress ,  τ  is shear stress,   γ is shear 

rate and ηp is viscosity. 

 

 

 

 2.3.3- Fourier Transform Infrared Spectroscopy (FTIR)  

The term "infra red" covers the range of the electromagnetic 

spectrum between 0.78 and 1000 µm. In the context of infrared 
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spectroscopy, wavelength is measured in "wavenumbers", which 

have the unit cm-1.  

Wavenumber = 1 / wavelength in centimeters 

The infrared region constitutes three parts, the near infrared 

(from 12800 – 4000 cm-1), the middle infrared (4000 – 200 cm-1), 

and the far infrared (200 - 10 cm-1). Spectroscopy in the near 

infrared region is extremely useful for the study of organic 

compounds. The other regions are not of much use for organic 

spectroscopy since only little absorption occurs there (71). 

 

A) Principles of Infrared Spectroscopy 

All molecules, whether polymeric or not, consist of atoms 

bound together by chemical bonds. The bonds between them are not 

rigid but they vibrate as if they were tiny springs connecting the 

atoms. Atoms in a molecule do not remain at fixed positions with 

respect to each other, but actually vibrate back and forth about an 

average value of the inter-atomic distance. This vibrational motion is 

quantized.  

A vibrating molecule can interact with electromagnetic 

radiation of appropriate frequency. If the radiation has the same 

frequency as one of the normal modes of vibration, which usually 

means that it will be in the infrared region of the electromagnetic 

spectrum, it may be possible for the molecule to absorb the radiation 
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and becomes excited to the second vibrational level. In this level the 

amplitude of the molecule vibration is greater. The energy absorbed 

will later be lost by the molecule either by re-radiation or, more 

usually, by transfer to other molecules of the material in the form of 

heat energy.  

A model for vibration of a bond is composed of two unequal 

weights on an oscillating ('vibrating') spring. Thus, if one treats the 

atoms of a polyatomic non-linear molecule as balls connected by 

flexible springs, the laws of motion tell us that there will be 3n-6 

modes of vibration. The stretching and bending vibrations of interest 

for infrared spectroscopy for two atoms joined by a covalent bond 

are shown in Figure (2.7).  

 

 

 

 

 

 

 

Fig. (2.7): Molecular Vibration. 
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In stretching the distance between two atoms increases or 

decreases, however, the atoms remain in the same bond axis. These 

vibrations require higher energy and occur at higher frequency. In 

bending or deformation the distance between two atoms remains 

constant, but the positions of the atoms may change with respect to 

the original bond axis. This type of vibration requires lower energy 

and occurs at lower frequency (71). 

In general, molecular vibrations which will lead to a change in 

the dipole moment of the molecule will give rise to absorption bands 

in the infrared. Otherwise, they are said to be infrared inactive and 

will show no absorption. For example, carbon monoxide (C≡O) and 

iodine chloride (I-Cl) absorb infrared light, but hydrogen (H2), 

nitrogen (N2) and other symmetrical diatomic does not. A large 

change in dipole moment will usually give rise to strong absorption. 

Accordingly, bands of hydrocarbons which are only composed of 

carbon and hydrogen atoms are weak, whereas bands associated 

with bonds connecting atoms differing considerably in 

electronegativity e.g., C=O are usually quite strong. 

One may calculate the general region where a vibration will 

occur by using Hooke's law derived for the motions of a spring. It is 

given by: 
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Where, υ = vibrational frequency in cm-1, c = velocity of light in 

cm.sec-1, m1 = mass of atom 1, m2 = mass of atom 2 and f = force 

constant in dyne cm-1.  

 According to Hookes' law, the frequency of vibration is 

directly proportional to the square root of the force constant of the 

bond. The force constant is particular to and characteristic of a given 

bond. Like other physical constants of a compound e.g., melting 

point, it is yet another physical constant. The force constant may be 

linked to the stiffness i.e., strength of the spring. Moreover, the 

frequency is inversely proportional to the square root of the reduced 

mass, m1m2/ (m1 + m2) of the system. Thus, greater the mass, the 

lower the frequency of absorption. Similarly, the stronger the bond, 

the greater will be the frequency of absorption. In short, one may 

expect some sort of correlation between infrared absorption 

frequencies and the nature of the chemical bond, i.e., stronger the 

bond, more the amount of energy required to stretch it. It is known 

that wavenumbers are proportional to energy, and thus, they provide 

information on bond strength. 

An infrared absorption spectrum of a material is obtained 

simply by allowing infrared radiation to pass through the sample and 

determining what fraction is absorbed at each frequency within some 

particular range. The frequency at which any peak in the absorption 
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spectrum appears is equal to the frequency of one of the normal 

modes of vibration of the molecules of the sample(72). 

B) Spectrometers for Infrared Spectroscopy 

Infrared spectrometers used for polymer work consist of (i) a 

source of radiation with a continuous spectrum over a wide range of 

infrared wavelengths, (ii) a means of dispersing the radiation into its 

constituent wavelengths, (iii) an arrangement for allowing the 

radiation to pass through the sample or be reflected from its surface, 

(iv) a means of measuring intensities using a detector that responds 

over the whole range of wavelengths of interest and (v) a method of 

displaying, and possibly performing calculations on, the spectrum 

figure (2.8). 

 

 

 

 

 

Fig. (2.8): Schematic diagram of FTIR spectrophotometer. 

 

There are two distinct types of infrared spectrometer that may 

be used for studying polymers, dispersive instruments and Fourier-
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transform (FT) instruments. In dispersive instruments the radiation 

is physically split up into its constituent wavelengths by a 

monochromator, either before, or more usually after, it passes 

through the sample, whereupon the various wavelengths are pro-

cessed in sequence. 

 In the Fourier-transform instrument radiation of all 

wavelengths passes through the sample to the detector 

simultaneously. The detector measures the total transmitted intensity 

as a function of the displacement of one of the mirrors in a double-

beam interferometer, usually of the Michelson type, and the 

separation of the various wavelengths is subsequently done 

mathematically by performing a Fourier transform on the intensity 

versus displacement data, using a dedicated computer. FT-IR 

instrument gives the same information as a dispersive instruments, 

however, the performance of former overweighs with respect to 

speed, sensitivity and much smaller requirements of the sample (72). 

 

C) Absorbance 

When infrared radiation passes through a sample of any 

substance the intensity is reduced by the same factor for each equal 

increase in distance traveled. The intensity thus decays exponentially 

and, if the decay is due only to absorption, rather than to scattering 

and absorption, then 
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I = Io x 10-ax……… (2.10) 

Where x is the distance traveled from a reference surface within the 

substance, Io is the intensity at the reference surface and a is the 

absorption coefficient, the above equation is called Lambert's law. 

The quantity I/Io is the transmittance T, of thickness x and a quantity 

A given by: 

A = log10 (Io /I)……… (2.11) 

is called the absorbance of the thickness x of the substance. This 

definition means that the intensity drops by a factor of 10 if the 

absorbance is unity, and generally it drops by a factor 10A when the 

absorbance is A. 

 

D) Experimental 

Fourier Transform Infrared spectra of samples was recorded 

using model Nicolet 6700 thermo scientific the freeze dried 

hemoglobin polymer samples weighted of 1 mg and then mixed with 

10 mg of carefully dried KBr and pellets were prepared for 

measurements (73). All the measurements were done in the range of 

4000 to 400 cm-1. The spectra were obtained for the absorbance of 

the polymer as a function of wavenumber with resolution 1cm-1 and 

accuracy better than ± 4 cm-1. 
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2.3.4 Electron spin resonance (ESR) spectroscopy 

Electron Spin Resonance, ESR, is a spectroscopic technique 

which detects species that have unpaired electrons. It is also often 

called, Electron Paramagnetic Resonance (EPR). 

A surprisingly large number of materials have unpaired 

electrons. These include free radicals, many transition metal ions, 

and defects in materials. ESR has the unique power to identify the 

paramagnetic species that is detected. ESR samples are very 

sensitive to local environments. Therefore, the technique sheds light 

on the molecular structure near the unpaired electrons. Sometimes, 

the ESR spectra exhibit dramatic line shape changes, giving insight 

into dynamic processes such as molecular motion or fluidity. 

Another important application for quantitative ESR is radiation 

dosimetry. Among its uses are dose measurements for sterilization 

of medical goods and foods, detection of irradiated foods, and the 

dating of early human artifacts. 

ESR theory and practice 

A) Basic principles 

The orbital motion and the spin of atomic electrons are 

equivalent to tiny current loops, individual atoms create magnetic 

field around them, when their orbital electrons have a net magnetic 

moment as a result of their angular momentum. The magnetic 

moment µe of the electron is 
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µe = −g β S ………….. (2.12) 

where S is the spin angular momentum of the electron, g is the ratio 

of the magnetic moment to the angular momentum expressed in 

dimensionless constant (g = 2.00232 for free electron) called the g–

factor and β is the electronic Bohr magneton, (equal to eћ/2mc, 

where – e and m are the charge and mass of the electron). 

The interaction potential energy is  

 E = -μ. B =-μB cos θ……………… (2.13) 

The ratio e/2m arises from a derivation of the magnetic 

moment expected from a classical particle of atomic charge e and 

mass m circulating in a Bohr orbit at the velocity of the light. The 

ratio h/2π, is the unit quantum mechanical angular momentum and is 

the only correction needed for an orbiting, charged, quantum 

mechanical particle. The fundamental constant B has the magnitude 

9.274 x 10-24 JT- 1 in MKS units (74). 

Equation (2.13) describes the change in energy experienced  by an 

electron exposed to an external magnetic field, B. Because B has 

both magnitude and direction it is a vector quantity Figure (2.9) (75). 
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Fig. (2.9): The orientation of the dipolar magnetic field vector, B, in  a 
Cartesian molecular axes system, xyz, is defined by two polar angles, θ and ϕ. 

 

To proceed to the quantum mechanical equivalent of this 

equation, we replace μ by its equivalent operator and E by H, the 

Hamiltonian: 

H = g β S . B    ……………………….   (2.14) 

E = g β ms B     ………………………   (2.15) 

In equation (2.14), the dot product has been explicitly 

replaced by ms, the projection of S onto B, multiplied by the 

magnitude of B. The free electron According to quantum mechanics 

a single electron in a vacuum has two possible orientations in an 

external magnetic field Bo : it can align with Bo in a parallel or in an 

antiparallel way. These two states of the electron in the magnetic 
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field Bo have different energies E and are identified by the quantum 

number ms which can take the value of + ½ or – ½. 

E ± ½ = ∆E = ± ½ ge β Bo   ………………………  (2.16) 

Where E is commonly called the Zeeman energy. A transition 

(Δ ms = 1) between the two states in the magnetic field can be made 

if we provide a quantum of energy, hν, equal to the separation in 

energy between the ± ½ states, this is the resonance condition: 

hν = ∆E = ge β Bo …………………………  (2.17) 

Clearly, ΔE, the separation in energy between the two spin 

states is variable and depends on the intensity of Bo 
(76). 

 

B) Saturation and spin-lattice relaxation 

As for any quantum mechanical system interacting with 

electromagnetic radiation, a photon can induce either absorption or 

emission. The experiment detects net absorption, i.e., the difference 

between the number of photons absorbed and the number of photons 

emitted. Since absorption is proportional to the number of spins in 

the lower level, −N , and emission is proportional to the number of 

spins in the upper level, +N , the net absorption is proportional to the 

difference: 

Net Absorption +− −∝ NN  
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The ratio of populations at equilibrium is given by the Boltzman 

distribution: 

N+ / N- = e -∆E/KT = e-gβH/KT    ………………….. (2.18) 

For ordinary temperatures and ordinary magnetic fields, KTHg <<β , 

and the Boltzman factor is approximately 1- gβH / KT. 

Thus:  

N+ / N- = 1- gβH / KT      …………………….  (2.19) 

     Since N+ ≈ N- ≈ N/2    , the population difference can be written 

N− − N+= N− [1-{1- gβH / KT}] = NgβH / 2KT   …………. (2.20) 

          

Equation (2.20) states that the ESR sensitivity (net absorption) 

increases with decreasing temperature and with increasing magnetic 

field strength. 

Although the experiment may start with a finite population 

difference, application of resonant radio frequency field results in 

exponential decay of the population difference and eventually the 

levels will be equally populated. This effect is described as 

saturation. A spin system returns to thermal equilibrium via energy 

transfer to the surroundings, a rate process called spin–lattice 

relaxation (76). 
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C) Nuclear hyperfine interaction 

When an unpaired electron comes in the vicinity of a nucleus 

with a spin I , an interaction takes place that causes the absorption 

signal to be split into 12 +I  components. The cause of this splitting 

in an isotropic system is the nuclear spin–electron spin coupling 

arising mainly from the contact interaction, which is first introduced 

by Fermi to account for hyperfine structure in atomic spectra. This 

effect is simply illustrated by considering, as an example, the 

hydrogen atom ( 2
1=I  for the proton). The ESR spectrum of the 

hydrogen atom in a solid matrix consists of two peaks of equal 

intensity centered at 0023.2=g . 

The two energy levels of a free electron in a magnetic field 

are shown in with 2
1−=sm  aligned with the field and 2

1+=sm  aligned 

opposite to the magnetic field. The spectrum of a free electron 

would consist of a single peak corresponding to a transition between 

these levels. For each value of the electron spin angular momentum 

quantum number sm , the nuclear spin angular momentum Im , can 

have values of 2
1± , giving rise to four different energy levels . 

From the magnetic considerations, one expects that the 

interaction of a proton nuclear moment corresponding to quantum 

number 2
1+=Im  with the electron spin moment corresponding to 

quantum number 2
1−=sm  will lead to a lower energy than the 
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interaction of moments of 2
1−=Im  and 2

1+=sm . Similarly, the 

interaction of the moment from 2
1+=sm  and 2

1−=Im  will lead to a 

lower energy than interaction with 2
1+=Im . 

The energies of the levels are given by 

E = gβHms + A ms mI      ………………………….(2.21) 

Where A is referred to as the hyperfine coupling constant. 

Upon substitution of the proper values of sm  and Im  one obtains the 

energies indicated. The selection rules in ESR are: 

0=∆ Im and 1±=∆ sm . 

The energies of the two transitions observed are AHg 2
1±β , 

and the separation between the two peaks is just A, the hyperfine 

coupling constant. The same argument can easily be expected to a 

single electron located on a nucleus with spin I other than 2
1 . For 

such a nucleus, the nuclear magnetic moment can take only any of 

the ( )12 +I values corresponding to the quantum numbers -I, -

I + 1,....,I-1, I. 

The magnitude of the splitting depends on : 

(i)  The ratio of the nuclear magnetic moment to the nuclear spin, 

(ii) The electron spin density in the immediate vicinity of the 

nucleus, and 

(iii) The anisotropic effect (77). 
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D) The resonance line shape 

The ESR spectrum can be represented by plotting the intensity 

against the strength of the applied magnetic field, but ESR spectra 

are commonly represented as derivative curves, i.e., the first 

derivative (the slope) of the absorption curve is plotted against the 

strength of the magnetic field. As in all forms of spectroscopy, four 

parameters of the spectral lines are of importance: their intensity, 

position, width, and multiple structures. 

 The ESR absorption line intensity is proportional to the 

concentration of the free radicals in the sample. Hence, the amount 

of the free radicals can be estimated. On the other hand, the signal 

position gives information about the type of the paramagnetic 

species (77). 

The number of free radicals is given by:     

Nd= K {H0 (∆H) 2 A/2} / { HmG0√PH } 

Where; 

 K: factor depends on the experimental conditions of the 

spectrometer =103/cm2, H0: magnetic field at peak in gauss, ∆H: 

width peak to peak, A: height intensity in cm, Hm: modulation field, 
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PH is a power in mV = 1.008 and G0 is the gain of the detector = 

3.17 e+ (78). 

E) Free radicals 

Free radicals are atoms or molecules which contain unpaired 

electrons. Since electrons have a very strong tendency to exist in a 

paired rather than an unpaired state, free radicals indiscriminately 

pick up electrons from other atoms, which in turn convert those 

other atoms into secondary free radicals, thus setting up a chain 

reaction which can cause substantial biological damage. Free 

radicals contribute to many different disease. Chemically, a 

substance is oxidized when electrons are removed and reduced when 

electrons are added. All chemical reactions involve the transfer of 

electrons. The body generates energy by gradually oxidizing its food 

in a controlled manner and storing it in the form of chemical 

potential energy. Ironically, this energy-generation mechanism 

which is so essential to life can also set the stage for cell damage.  

The primary site of free radical damage is the DNA found in 

the mitochondria. Mitochondria are small membrane-enclosed 

regions of a cell which produce the chemicals a cell uses for energy. 

Mitochondria are the “energy factory” of the cell. Therefore, 

extensive DNA damage accumulates over the time and shuts down 

mitochondria, causing the cells to die and the organism to age (79). 
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F) Oxidation of hemoglobin 

The oxidation of ferrous hemoglobin (Hb) to the high-spin 

(d5, S = 5/2) ferric state reduces the oxygen transport and storage 

capacities of this heme proteins. One pathway for generating metHb, 

which is the ferric forms, is an autoxidation process which produces 

superoxide as the other product (80) 

FeIIO2  ⇔  FeIIIO2
¯ ……………… (1) 

FeIIIO2
¯ + H2O  →  FeIII(H2O) + O2¯ ……………(2) 

In the normal operation of hemoglobin, O2 diffuses into the 

protein from the solvent and bonds to the iron (81). Although 

methemoglobin (82) reductases is present to regenerate the ferrous 

heme ,  electron spin resonance spectroscopy (ESR) has shown that 

a small percentage of the ferric hemes spontaneously form a low 

spin (S = 1/2) adduct with either hydroxide or the nitrogen of the 

distal histidine. In the latter case, a dihistidyl complex is observed 
(83). ESR spectroscopy has been an indispensable tool for 

determining these structural changes which imply denaturation of 

the tertiary structure to bring the distal histidine within the 

coordination sphere of the iron. Collectively called hemichromes, 

these ferric derivatives are readily reduced back to the ferrous state 

in vivo by the enzymatic reductase system but can proceed to an 

irreversibly denatured state (84). 
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When hemoglobin in the met form (i.e., in the FeIII heme 

state) reacts with H2O2 or with other peroxides, the heme is oxidized 

to the (oxo) ferryl state FeIV = O. This one electron oxidation takes 

place along with H2O2 reduction to water, the latter being a two 

electron process. The second electron, participating in H2O2 

reduction, comes from the proteins globin, leaving it in the free 

radical state (85)                                    

Fe III R + H2O2 ⇒  Fe IV=OR . + + H2O ………… (3) 

Numerous studies have shown that the optically detectable 

FeIII—FeIV transition is accompanied by a radical formation 

demonstrable by ESR by spectroscopy (86). 

 

G) Measuring instrument 

Electron spin resonance is performed for hemoglobin samples 

at the NCRRT (Cairo, Egypt) recorded at model BRUKER EMX at 

liquid nitrogen temperature (77 K) in a JES FE-1XG (X-band) 

spectrometer with central field (3470 G) ,sweep width (200 G) , 

resolution (1024 points) , microwave frequency is 9.743 GHz, its 

frequency is 5.053 mW , receiver gain is 1.00e+004 , phase =0, 

modulation frequency (100 KHz), modulation amplitude(6.00 

G),time of signal channel conversion is 40.960 ms, time constant is 

163.840 ms and sweep time is 41.943 second shown in figure (2.10). 
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Fig. (2.10): Instrument of electron spin resonance. 

 

 

 

 

2.3.5- UV spectroscopy 

A) Introduction of UV-Visible spectroscopy 

Ultraviolet-visible spectroscopy or ultraviolet-visible 

spectrophotometry (UV-Vis or UV/Vis) involves the spectroscopy 

of photons in the UV-visible region. This means it uses light in the 

visible and adjacent (near ultraviolet (UV) and near infrared (NIR)) 
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ranges. The absorption in the visible ranges directly affects the color 

of the chemicals involved. In this region of the electromagnetic 

spectrum, molecules undergo electronic transitions. This technique 

is complementary to fluorescence spectroscopy, in that fluorescence 

deals with transitions from the excited state to the ground state, 

while absorption measures transitions from the ground state to the 

excited state (87). Absorption of incident radiation by bonding/non-

bonding electrons represents a high energy (~100 kCal/ mole) 

transition. This corresponds to a high frequency, i.e. low 

wavelength, absorption band which is observed at 200 ~ 800 nm in 

the UV and visible range of detection. In solution, electronic 

absorption spectra are found with broad, generally unresolved bands. 

These contrast with the vibration fine structure in the vapour phase 

and with a series of sharp peaks within a continuum in non-polar 

solvents. 

For a solution of an absorbing substance, an absorptivity ratio 

at a monochromatic wavelength is defined as: {(incident light, Io) / 

(transmitted, I)} and this is logarithmically related to concentration 

and optical path-length by the Beer Lambert law: Absorbance (A) = 

log10 (Io/I) = k.c.l., where c mg/ml is the concentration of solute and 

1 cm is the distance traveled between parallel optical faces of a 

suitable cell, and k is a proportionality constant. Molar absorptivity 

is defined by the coefficient ε = Mr.(A/cl), and is related to the 
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relative molecular mass, Mr. This coefficient is computed for each 

wavelength maximum, and also at minima if this is of diagnostic 

value. It may be useful in showing relationships within a 

homologous series (88). 

B) Principle 

Assume that particles may be described as having an 

absorption cross section (i.e. area), σ, perpendicular to the path of 

light through a solution, such that a photon of light is absorbed if it 

strikes the particle, and is transmitted if it does not. Define z as an 

axis parallel to the direction that photons of light are moving, and A 

and dz as the area and thickness (along the z axis) of a 3-dimensional 

slab of space through which light is passing. We assume that dz is 

sufficiently small that one particle in the slab cannot obscure another 

particle in the slab when viewed along the z direction. The 

concentration of particles in the slab is represented by c. It follows 

that the fraction of photons absorbed when passing through this slab 

is equal to the total opaque area of the particles in the slab, σAc dz, 

divided by the area of the slab A, which yields σc dz. Expressing the 

number of photons absorbed by the slab as dIz, and the total number 

of photons incident on the slab as Iz, the fraction of photons 

absorbed by the slab is given by 
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Note that because there are fewer photons which pass through the 

slab than are incident on it, dIz is actually negative (it is proportional 

in magnitude to the number of photons absorbed). The solution to 

this simple differential equation is obtained by integrating both sides 

to obtain Iz as a function of: 

 

 

The difference of intensity for a slab of real thickness 1 is I0 at z=0, 

and I1 at z=1. Using the previous equation, the difference in intensity 

can be written as:  

ln Il – ln I0 = −σ c ℓ……………..……(2.25) 
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Where ε is molar extinction coefficient, it is instructive to 

consider the consequences of error in an assumption that is implicit 

in this derivation, namely that every absorbing particle behaves 

independently with respect to the light. Error is introduced when 

particles interact by lying along the same optical path such that some 

particles are in the shadow of others. The assumption approaches 

accuracy only in very dilute solutions, and it becomes increasingly 

inaccurate with increasingly concentrated solutions or long optical 

paths. 

In practice, the accuracy of the assumption is better than the 

accuracy of most spectroscopic measurements up to an absorbance 

of 1 (or: I1 / I0 = 0.1) and to a good approximation, measurements of 

absorbance in this range are linearly related to the concentration of 

absorbing substances in solution. At higher absorbances, 

concentrations will be underestimated due to this shadow effect 

unless one employs a nonlinear relationship between absorbance and 

concentration (89). 

C) Measurements 

Hemoglobin samples solution  were adjusted at  

concentrations of 2.6x10-5 M on the base of globin band at 275 nm 
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using distilled water recorded from  (200 - 700 nm) using UV 

−Visible spectrophotometer (model ; CECL3041). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 100 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 101 

Chapter (III): Results & Discussion 

In this work, the patients (cases) under study were classified 

into two groups. The first group represents cases that suffer from 

breast cancer, while, the second group represents cases that suffer 

from pelvic cancer. For simplicity, we chose three cases to represent 

breast cancer and three cases pelvic cancer as examples. The 

modifications induced in the hemoglobin of these cases due to local 

gamma irradiation have been studied via several characterization 

techniques such as X-ray diffraction, viscosity, Fourier transform 

infra-red spectra (FTIR), electron spin resonance (ESR) and UV-

visible spectra. 

 

Group (1): Breast cancer 

Three cases of female breast cancer patients No., (4, 10, 20) 

of ages ranging from 28-70 year were considered. These cases were 

not treated with chemotherapy and the time of one fraction is 

ranging from 5-9 minute, table (3.1). Their doses were divided into 

25 fractions for 5 weeks and five days per week.
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 Table (3.1): Classification of breast cases according to their types, 

ages and dose fractionation. 

 

Group (2): pelvic cancer  
 
               Three cases of male and female pelvic cancer No., (6, 14, 

17) of ages ranging from 52-83 year and were not treated with 

chemotherapy, were chose to be a subject for study. The time of one 

fraction is ranging from 2.5-10 minute, as shown in table (3.2). 

Their doses were divided into maximum 25 fractions for 5 weeks 

and five days per week and minimum 10 fractions for 2 weeks and 5 

days per week. 

 

 

Time/fraction
/day(Min.) 

Dose(Gy)/fraction
/week 

Type of 
cancer 

Age ♀  ♂  No. 

5.68 50/25/5  breast 70 -    3 
5.30 50/25/5 breast 61 -    4 

8.21 50/25/5  breast 55 -    5  
7.19 50.4/28/6  breast 46  -    7  
5.05 45/25/5  breast  64  -    10  

8.26 50/25/5  breast 28 -    12  
7.91 50/25/5  breast  38  -    13  

8.72 50/25/5  breast 37  -    19  
8.56 50/25/5  breast 48  -    20  
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Table (3.2): Classification of pelvic cases according to their types, 
ages and dose fractionation. 

 
Physical properties of hemoglobin of cancer patients 

3.1- X-ray Diffraction 
3.1.1- Breast cancer 

Polymers sometimes, are arranged in a neat orderly manner 

and are called crystalline polymers, while other times, there is no 

order and the polymer chains just form a big tangled mess and are 

called amorphous polymers. In fact, most polymers are not entirely 

crystalline. The chains or parts of chains, that aren't in the crystals, 

have no order to the arrangement of their chains. So, a crystalline 

polymer really has two components, the crystalline portion and the 

amorphous portion. The existence of amorphous portion leads to the 

appearance of characteristic amorphous halos in the diffraction 

pattern. The area under these halos is proportional to the integral 

Time/fraction/day 
(Min.) 

Dose(Gy)/ 
fraction/ 

week 

Type of 
cancer 

Age ♀  ♂  No. 

6.81 66/20/4 pelvic 75   -  2 

9.6 50/25/5  pelvic 52   -  6  

2.60 20/10/2 pelvic 58   -  14  

5.16 30/10/2 pelvic 83   -  15  

5.44 50/25/5  pelvic 66 -    17  

2.76 27/15/3 pelvic 54    -  18  
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scattering intensity of the X-rays. Also, the halo's width at the half of 

maximal intensity is proportional to the crystallite size. 

1) Case 4  

Figure (3.1) shows the X-ray diffraction patterns for 

hemoglobin polymer for breast-irradiation before and after exposure 

to accumulated γ-irradiation. It is seen that the samples are 

characterized by a halo consisting of two adjacent peaks extending 

in the 2θ range 5°-12° and 14°-30° with maximum diffraction 

intensity observed at 2θ = 9.5491° for 1st peak that sensititive to 

tertiary and quaternary structure of the globin part and 2θ = 21.222° 

for 2nd peak that sensitive to primary and secondary structure of the 

globin part (90). The profile of the halos shows that the hemoglobin 

polymer is a partially a crystalline polymer with a dominant 

amorphous phase. 

 The spectra of all samples were fitted with a Lorentz function. 

Thereby the integral intensities I (area) of the main diffraction peak 

was extracted, given in Table (3.3) and represented in Figure (3.2a) 

as a function of dose. The figure shows that the integral intensity for 

+ve control is lower than -ve control then by increasing the gamma 

doses up to 50 Gy the integral intensity decrease. This decrease in 

integral intensity denotes a decrease in the amount of crystalline 

phase (ordering) in the samples, indicating that the crystalline 

structure has been destroyed due to cross-linking. 
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Table (3.3): Values of integral intensity (I) and full width at half 
maximal intensity (∆W) for hemoglobin polymer samples as a 

function of gamma doses (Breast irradiation). 
 

 
 

 Since the halo's width at the half of maximal intensity ∆W is 

inversely proportional to the crystallite size according to the 

Scherrer equation: 

L = (0.89λ) / (∆W cos θ) 

   Where λ is the wavelength of the X-rays, values of ∆W were 

calculated. Figure (3.2b) shows the variation of ∆W with the gamma 

dose.  

From the figure it is clear that ∆W shows a decrease until a 

minimum value around the 22 Gy irradiated sample indicating an 

Cases Dose (Gy) I  (a.u.) ΔW (radian) 

-ve cont 0 14920 10.466 

0 9333 15.164 

22 7783 14.136 

C
as

e 
4 

50 5938 14.626 

0 14889 10.141 

22 5666 11.594 

C
as

e 
10

 

45 4172 13.823 

0 13950 10.841 
24 11286 99.455 

C
as

e 
20

 

50 9139 17.527 
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increase in the crystallite size (width of the lamella), followed by an 

increase on increasing dose up to 50 Gy due to cross-linking that 

destroy crystallinity. 
 
 
 
  

 
 

Fig. (3.1): X-ray diffraction pattern of -ve control, local irradiated and non-
irradiated breast cancer hemoglobin samples (case 4). 
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Fig. (3.2): Variation of (a) the integral intensity (I) and (b) the halo΄s width at 
half maximal intensity (∆W) for breast cancer case (4), with the gamma dose. 
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2) Case 10  

Figure (3.3) shows the X-ray diffraction patterns for 

hemoglobin polymer for breast-irradiation before and after exposure 

to accumulated γ-irradiation. It is seen that the samples are 

characterized by a halo consisting of two adjacent peaks extending 

in the 2θ range 5°-12° and 14°-30° with maximum diffraction 

intensity observed at 2θ = 10.105° for 1st peak that sensitive to 

tertiary and quaternary structure of the globin part and 2θ = 20.391°  

for 2nd peak that sensitive to primary and secondary structure of the 

globin part. The profile of the halos shows that the hemoglobin 

polymer is a partially a crystalline polymer with a dominant 

amorphous phase.  

The spectra of all samples were fitted with a Lorentz function. 

Thereby the integral intensities I (area) of the main diffraction peak 

was extracted, given in Table (3.3) and represented in Figure (3.4a) 

as a function of dose. The figure shows that the integral intensity 

decreases with increasing the gamma dose up to 45 Gy. This 

decrease in integral intensity denotes a decrease in the amount of 

crystalline phase (ordering) in the samples, indicating that the 

crystalline structure has been destroyed due to cross-linking. 
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Figure (3.4b) shows the variation of ∆W with the gamma dose. 

From the figure it is clear that ∆W shows an increase indicating a 

decrease in crystalline size (width of lamella) by increasing dose up 

to 45 Gy. 

 
 
 

 
 

 Fig.(3.3): X-ray diffraction pattern of  -ve control, local irradiated and 
non-irradiated breast cancer hemoglobin samples (case 10). 
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Fig. (3.4): Variation of (a) the integral intensity (I) and (b) the halo΄s width at 

half maximal intensity (∆W) for breast cancer case (10), with the gamma dose. 
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3) Case 20  

Figure (3.5) shows the X-ray diffraction patterns for 

hemoglobin polymer for breast-irradiation before and after exposure 

to accumulated γ-irradiation. X-ray diffraction patterns of the non 

irradiated and irradiated hemoglobin samples. It is seen that the 

samples are characterized by a halo consisting of two adjacent peaks 

extending in the 2θ range 5°-12° and 14°-30° with maximum 

diffraction intensity observed at 2θ = 9.1166° for 1st peak that 

sensitive to tertiary and quaternary structure of the globin part and 

2θ = 22.27° and for 2nd peak that sensitive to primary and secondary 

structure of the globin part.  

The profile of the halo shows that the hemoglobin polymer is a 

partially a crystalline polymer with a dominant amorphous phase. 

The spectra of all samples were fitted with a Lorentz function. 

Thereby the integral intensities I (area) of the main diffraction peak 

were extracted, given in Table (3.3) and represented in Figure (3.6a) 

as a function of dose. The figure shows that the integral intensity 

decreases with increasing the gamma dose up to 50 Gy. This 

decrease in integral intensity denotes a decrease in the amount of 

crystalline phase (ordering) in the samples, indicating that the 

crystalline structure has been destroyed due to cross-linking. 
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Figure (3.6b) shows the variation of ∆W with the gamma dose. 

From the figure it is clear that ∆W shows a decrease 24 Gy 

indicating an increase in the crystallite size, followed by an increase 

on increasing dose up to 50 Gy. 

 

 

 
 

Fig.(3.5): X-ray diffraction pattern of  -ve control, local irradiated and non-
irradiated breast cancer hemoglobin samples (case 20). 
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Fig. (3.6): Variation of (a) the integral intensity (I) and (b) the halo΄s width at 
half maximal intensity (∆W) for breast cancer case (20), with the gamma dose. 
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3.1.2- Pelvic cancer 
1) Case 6  

Figure (3.7) shows the X-ray diffraction patterns for 

hemoglobin polymer for pelvic-irradiation before and after exposure 

to accumulated γ-irradiation. X-ray diffraction patterns of the non 

irradiated and irradiated hemoglobin samples. It is seen that the 

samples are characterized by a halo consisting of two adjacent peaks 

extending in the 2θ range 5°-12° and 14°-30° with maximum 

diffraction intensity observed at 2θ = 9.3625° for 1st peak that 

sensitive to tertiary and quaternary structure of the globin part and 

2θ = 22.764° for 2nd peak that sensitive to primary and secondary 

structure of the globin part. The profile of the halos shows that the 

hemoglobin polymer is a partially a crystalline polymer with a 

dominant amorphous phase.  
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Fig. (3.7): X-ray diffraction pattern of  -ve control, local irradiated and non-

irradiated pelvic cancer hemoglobin samples (case 6). 
 

The spectra of all samples were fitted with a Lorentz function. 

Thereby the integral intensities I (area) of the main diffraction peak 

was extracted, given in Table (3.4) and represented in Figure (3.8a) 

as a function of dose. The figure shows that the integral intensity 

decreases with increasing the gamma dose up to 50 Gy. This 

decrease in integral intensity denotes a decrease in the amount of 
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crystalline phase (ordering) in the samples, indicating that the 

crystalline structure has been destroyed due to cross-linking. 

 
Table (3.4): Values of integral intensity (I), full width at half 

maximal intensity (∆W) for hemoglobin samples as a function of 
gamma dose (Pelvic irradiation). 

 
Cases Dose (Gy) I  (a.u.) ΔW (radian) 

-ve cont 0 14920 10.466 

0 11012 16.312 

24 10910 17.464 

C
as

e 
6 

50 9650 17.641 

0 11119 9.0767 

20 14296 10.371 

C
as

e 
14

 

40 9669 13.115 

0 11125 14.923 

13 14572 9.8966 

C
as

e 
17

 

50 7873 15.300 
 
 

 
Figure (3.8b) shows the variation of ∆W with the gamma dose. 

From the figure it is clear that ∆W shows an increase indicating a 

decrease in crystallite size on increasing dose up to 50 Gy. 
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Fig.(3.8): Variation of  (a) the integral intensity (I) and (b) the halo΄s width at 
half maximal intensity (∆W) for pelvic cancer (case 6), with the gamma dose. 
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2) Case 14  

Figure (3.9) shows the X-ray diffraction patterns for 

hemoglobin polymer for pelvic-irradiation before and after exposure 

to accumulated γ-irradiation. X-ray diffraction patterns of the non 

irradiated and irradiated hemoglobin samples. It is seen that the 

samples are characterized by a halo consisting of two adjacent peaks 

extending in the 2θ range 5°-12° and 14°-30° with maximum 

diffraction intensity observed at 2θ = 9.765° for 1st peak that 

sensitive to tertiary and quaternary structure of the globin part and 

2θ = 20.914° for 2nd peak that sensitive to primary and secondary 

structure of the globin part. The profile of the halos shows that the 

hemoglobin polymer is a partially a crystalline polymer with a 

dominant amorphous phase.  

The spectra of all samples were fitted with a Lorentz function. 

Thereby the integral intensities I (area) of the main diffraction peak 

was extracted, given in Table (3.4) and represented in Figure (3. 

10a) as a function of dose. The figure shows that the integral 

intensity increases with increasing the gamma dose up to 20 Gy, 

then decreases on increasing dose up to 40 Gy. This decrease in 

integral intensity denotes a decrease in the amount of crystalline 

phase (ordering) in the samples, indicating that the crystalline 

structure has been destroyed due to cross-linking. 
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Figure (3.10b) shows the variation of ∆W with the gamma dose. 

From the figure it is clear that ∆W shows an increase on increasing 

dose up to 40 Gy indicating a decrease in the crystallite size. 

 

 

 

 
 

Fig. (3.9): X-ray diffraction pattern of -ve control, local irradiated and non-
irradiated pelvic cancer hemoglobin samples (case 14). 
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Fig. (3.10): Variation of  (a) the integral intensity (I) and (b) the halo΄s width at 
half maximal intensity (∆W) for pelvic cancer (case 14), with the gamma dose. 
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3) Case 17  

Figure (3.11) shows the X-ray diffraction patterns for 

hemoglobin polymer for pelvic-irradiation before and after exposure 

to accumulated γ-irradiation. X-ray diffraction patterns of the non 

irradiated and irradiated hemoglobin samples. It is seen that the 

samples are characterized by a halo consisting of two adjacent peaks 

extending in the 2θ range 5°-12° and 14°-30° with maximum 

diffraction intensity observed at 2θ = 9.2799° for 1st peak that 

sensitive to tertiary and quaternary structure of the globin part and 

2θ = 21.87° for 2nd peak that sensitive to primary and secondary 

structure of the globin part. The profile of the halos shows that the 

hemoglobin polymer is a partially a crystalline polymer with a 

dominant amorphous phase. The spectra of all samples were fitted 

with a Lorentz function. Thereby the integral intensities I (area) of 

the main diffraction peak was extracted, given in Table (3.4) and 

represented in Figure (3.12a) as a function of dose. The figure shows 

that the integral intensity increases with increasing the gamma dose 

up to 13 Gy, then decreases with increasing gamma dose. This 

decrease in integral intensity denotes a decrease in the amount of 

crystalline phase (ordering) in the samples, indicating that the 

crystalline structure has been destroyed due to cross-linking. 

Figure (3.12b) shows the variation of ∆W with the gamma 

dose. From the figure it is clear that ∆W shows a decrease around 13 
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Gy indicating an increase in the crystallite size, followed by an 

increase by increasing dose up to 50 Gy. 

 

 

 
 

Fig. (3.11): X-ray diffraction pattern of -ve control, local irradiated and non-
irradiated pelvic cancer hemoglobin samples (case 17). 
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Fig.(3.12): Variation of  (a) the integral intensity (I) and (b) the halo΄s width at 
half maximal intensity (∆W) for pelvic cancer case (17), with the gamma dose. 
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3.2- Viscosity  

 Gamma irradiation causes the degradation of the protein 

molecules. Eventually at high dose ranges of 5 and 10 kGy, there 

was a significant increase in the size of the protein molecules, which 

were cross-linked (91). Monitoring of reological variables during 

follow up of patients has been useful in gynecologic cancer; a 

significant increase in the mean determinants of blood viscosity was 

found as a result of increase red blood cell aggregation that produces 

hyperviscosity (34).  

           3.2.1- Breast cancer 

The viscosity of all hemoglobin samples taken from irradiated 

and non-irradiated breast cancer patients was measured as a function 

of shear rate and dose. 

The viscosity for every hemoglobin samples was calculated 

by Bingham equation (eq. No. 2.6) in the computer program 

software viscometer give in table (3.5). 
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Table (3.5): Values of viscosity, shear stress, and confidence fit 

of hemoglobin samples as a function of doses (Gy)  

for breast cancer. 

 
 

1) Case 4 
 Figure (3.13) shows the variation of viscosity with shear rate 

from the figure it is clear that the viscosity decreases with increasing 

the shear rate, indicating a decrease in the average molecular mass.  

There is an increase in viscosity of non-irradiated cancer patients 

(positive control) than normal control (negative control). Also, the 

figure shows that the changes are significant at low shear rates.  

The variation of viscosity of hemoglobin samples of with the 

gamma dose at different shear rates is shown in figure (3.14), from 

Case Dose 
 (Gy) 

Viscosity (cP)  Shear stress 
Dyn/cm2 

Confidence 
fit % 

-ve cont 0 1.02 0.39 94.7 

0 1.04 0.53 91.9 

22 1.24 0.17 83.9 

C
as

e 
4 

50 1.28 0.33 80.8 

0 1.11 0.89 82.8 

22 1.13 1.41 76.7 

C
as

e 
10

 

45 1.15 0.92 90.3 

0 1.09 0.39 94.2 

24 1.11 0.76 94.7 

C
as

e 
20

 

50 1.16 0.43 91 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 126 

the figure it is seen that the viscosity increases with increasing dose 

due to cross-linking. 

 

  

 

 
 
Fig. (3.13): Variation of viscosity, measured for hemoglobin polymer, for local 
breast-irradiation before and after exposure to accumulated gamma-irradiation, 

with shear rates (case 4). 
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Fig. (3.14): Variation of viscosity, of hemoglobin polymer, for local breast-
irradiation for different shear rates before and after exposure to accumulated γ-

irradiation case (4). 
  
 
 

2) Case 10  
Figure (3.15) shows the variation of viscosity with shear rate 

from the figure it is clear that the viscosity decreases with increasing 

the shear rate, indicating a decrease in the average molecular mass.  

There is an increase in viscosity of non irradiated cancer patients 

(positive control) than normal control (negative control). Also, the 

figure shows that the changes are significant at low shear rates.  
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The variation of viscosity of hemoglobin samples of with the 

gamma dose at different shear rates is shown in figure (3.16), from 

the figure it is seen that the viscosity increases with increasing dose 

due to cross-linking. 

 

 

 

 

 
 
Fig. (3.15): Variation of viscosity, measured for hemoglobin polymer, for local 
breast-irradiation before and after exposure to accumulated gamma-irradiation, 

with shear rates (case 10). 
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Fig. (3.16): Variation of viscosity, of hemoglobin polymer, for local breast-

irradiation for different shear rates before and after exposure to accumulated γ-
irradiation (case 10). 

 
 
 

3) Case 20 

 Figure (3.17) shows the variation of viscosity with shear rate 

from the figure it is clear that the viscosity decreases with increasing 

the shear rate, indicating a decrease in the average molecular mass.  

There is an increase in viscosity of non-irradiated cancer patients 

(positive control) than normal control (negative control). Also, the 

figure shows that the changes are significant at low shear rates.  

The variation of viscosity of hemoglobin samples of with the 

gamma dose at different shear rates is shown in figure (3.18), from 
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the figure it is seen that the viscosity increases with increasing dose 

due to cross-linking. 

 

 

  

 
 

Fig. (3.17): Variation of viscosity, measured for hemoglobin polymer, for local 
breast-irradiation before and after exposure to accumulated gamma-irradiation, 

with shear rates (case 20). 
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Fig. (3.18): Variation of viscosity, of hemoglobin polymer, for local breast-
irradiation for different shear rates before and after exposure to accumulated γ-

irradiation (case 20). 
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3.2.2- Pelvic cancer 
 

The viscosity of all hemoglobin samples taken from irradiated 

and non-irradiated cancer patients was measured as a function of 

shear rate and dose. 

The viscosity for every hemoglobin samples was calculated 

by Bingham equation (eq. No. 2.6) in the computer program 

software viscometer given in table (3.6). 

 
 

Table (3.6): Values of viscosity of irradiated and non-irradiated 
hemoglobin samples as a function of gamma doses (Gy) for pelvic 

cancer.  

 
 

Case Dose 
 (Gy) 

Viscosity (cP) Shear stress 
Dyn/cm2 

Confidence 
fit % 

-ve cont 0 1.02 0.39 94.7 

0 1.04 0.87 99.4 

24 1.11 0.94 85.6 

C
as

e 
6 

50 1.16 1.29 96.4 

0 1.15 0.41 95.1 

20 1.17 0.23 91.2 

C
as

e 
14

 

40 1.2 0.39 92.5 

0 1.2 0.17 94.4 

13 1.16 0.05 72.2 

C
as

e 
17

 

50 1.93 1.29 96.4 
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1) Case 6 

 Figure (3.19) shows the variation of viscosity with shear rate 

from the figure it is clear that the viscosity decreases with increasing 

the shear rate, indicating a decrease in the average molecular mass. 

There is an increase in viscosity of non irradiated cancer patients 

(positive control) than normal control (negative control). Also, the 

figure shows that the changes are significant at low shear rates.  

The variation of viscosity of hemoglobin samples of with the 

gamma dose at different shear rates is shown in figure (3.20), from 

the figure it is seen that the viscosity increases with increasing dose 

due to cross-linking.  
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Fig. (3.19): Variation of viscosity, measured for hemoglobin polymer, for local 
pelvic-irradiation before and after exposure to accumulated gamma-irradiation, 

with shear rates (case 6). 
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Fig. (3.20): Variation of viscosity, of hemoglobin polymer, for local pelvic-

irradiation for different shear rates before and after exposure to accumulated γ-
irradiation (case 6). 

 

2) Case 14 

 Figure (3.21) shows the variation of viscosity with shear rate 

from the figure it is clear that the viscosity decreases with increasing 

the shear rate, indicating a decrease in the average molecular mass. 

There is an increase in viscosity of non irradiated cancer patients 

(positive control) than normal control (negative control). Also, the 

figure shows that the changes are significant at low shear rates.  

 

The variation of viscosity of hemoglobin samples with the 

gamma dose at different shear rates is shown in figure (3.22), from 
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the figure it is seen that the viscosity increases with increasing dose 

due to cross-linking. 

 

 

  

 
 
Fig. (3.21): Variation of viscosity, measured for hemoglobin polymer, for local 
pelvic-irradiation before and after exposure to accumulated gamma-irradiation, 

with shear rates (case 14). 
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Fig. (3.22): Variation of viscosity, of hemoglobin polymer, for local pelvic-

irradiation for different shear rates before and after exposure to accumulated γ-
irradiation (case 14). 

 
 

3) Case 17  

Figure (3.23) shows the variation of viscosity with shear rate 

from the figure it is clear that the viscosity decreases with increasing 

the shear rate, indicating a decrease in the average molecular mass. 

There is an increase in viscosity of non irradiated cancer patients 

(positive control) than normal control (negative control). Also, the 

figure shows that the changes are significant at low shear rates.  

The variation of viscosity of hemoglobin samples of with the 

gamma dose at different shear rates is shown in figure (3.24), from 
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the figure it is seen that the viscosity increases with increasing dose 

due to cross-linking.  

 

 

 

 
 
Fig. (3.23): Variation of viscosity, measured for hemoglobin polymer, for local 
pelvic-irradiation before and after exposure to accumulated gamma-irradiation, 

with shear rates (case 17). 
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Fig (3.24): Variation of viscosity, of hemoglobin polymer, for local pelvic-
irradiation for different shear rates before and after exposure to accumulated γ-

irradiation (case 17). 
 
 
 
 

The interpretation of these results can be that, the dose 

range in which the intrinsic viscosity decreases can be explained by 

the formation of shorter molecules as a result of degradation which 

causes both a random breaking of bonds and the formation of stable 

molecules with a lower molecular weight (92). While the increases in 

intrinsic viscosity indicates an increase in the molecular mass of the 

polymer due to cross-linking process. 
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3.3-  Fourier-Transform Infrared (FTIR) 

 The FTIR spectral analysis has been performed to 

investigate the structural changes induced in the hemoglobin 

polymer due to local gamma irradiation of cancer patients. The 

changes have been estimated from the relative increase or decrease 

in the intensity of the peak associated to the functional groups 

present in the polymers. These studies may be helpful in analyzing 

the cause of the changes in the properties of the polymer. The 

material used in this study is natural hemoglobin. Its functional 

groups are five groups, shown in figure (3.25) and illustrated in 

figure (3.26) as a function of wave-number. The function groups are 

secondary amide (3290-3400 cm-1), amide I (1640–1660 cm-1), 

amide II (1520-1540 cm-1), amide III (1400-1600 cm-1) and amide 

IV (1300-1400 cm-1) figure (3.26). There is no almost difference 

between absorbance of amide III and amide IV. These bands are due 

to vibrations of infrared active ligands (e.g., O2, CO, NO, CN-, and 

N3) bound heme iron that not only permit direct measurements of 

ligand binding and insight into the nature of bonding between iron 

and ligand, but also reflect effects of differences in protein structure 
(93).  

The absorbance of different bands coming from the same 

function group exhibits the same trend with the gamma dose. So, 

each characteristic group of hemoglobin is represented by only one 

wavenumber.  
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Secondary amide N―H. 

Amide I CO NH2 primary. 

Amide II CO  NH secondary found in open chain. 

 

  

Fig. (3.25): The function groups of hemoglobin polymer (94). 

 

 
There are two prominent absorption bands, one at 1652 cm-1 

arising from the amide C=O stretching that constitute the linkages 

between amino acid residues of the hemoglobin molecule, can be 

utilized for the qualitative and quantitative determination of α-helix, 

β-sheet and secondary structures (the amide I band) and the other is 

at 1542 cm-1 originating from the amide N-H bending (the amide II 

band) vibrations of the peptide groups in proteins. The bands at 1452 

and 1387 cm-1 originate from the bending vibrations of -CH2 and -

CH3 groups of amino acids in the protein side chains (95, 96, 97). 
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3.3.1- Breast cancer  

Values of the absorbance of the function groups are given in 
table (3.7) as a function of gamma dose. 
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1) Case 4  

The FTIR spectrum and the variation of absorbance against 

doses for hemoglobin polymer samples for breast cancer patients is 

shown in figure (3.26). The spectrum appeared, for all samples, as a 

band of different intensities, illustrating the five function groups 

investigated above.  

 

 
 

Fig. (3.26): FTIR spectrum of hemoglobin polymer for local breast-
irradiation before and after exposure to accumulated gamma doses. (Case 4) 
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 The variation of absorbance representing these function 

groups with gamma dose is shown in figure (3.27).  

From the figure it is seen that the absorbance of negative 

control (-ve control) is higher than (+ve) control and irradiated 

cancer patients and the absorbance, representing all function groups 

shows a decrease until a minimum value around 20 Gy due to 

initiated band scission, followed by an increase on increasing the 

gamma dose up to 50 Gy. 
 

 
Fig. (3.27): Variation of absorbance, measured at characteristic amide groups of 

hemoglobin polymer (Case 4) for local breast-irradiation before and after 
exposure to accumulated gamma-irradiation, with doses. 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 145 

2) Case 10  

The FTIR spectrum and the variation of absorbance against 

doses for hemoglobin polymer samples for breast cancer patients is 

shown in figure (3.28). The spectrum appeared, for all samples, as a 

band of different intensities, illustrating the five function groups 

investigated above.  

 

 

Fig. (3.28): FTIR spectrum of hemoglobin polymer for local breast-irradiation 
before and after exposure to accumulated gamma doses. (Case 10) 
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The variation of absorbance representing these function groups 

with gamma dose in shown in figure (3.29). From the figure it is 

seen that the absorbance, representing all function groups shows a 

decrease until a minimum value around 22 Gy due to initiated band 

scission, followed by an increase on increasing the gamma dose up 

to 45 Gy, the increase in absorbance means formation of covalent 

bonds between molecules via crosslinking mechanism. 

 
Fig. (3.29): Variation of absorbance, measured at characteristic amide groups of 

hemoglobin polymer (Case 10) for local breast-irradiation before and after 
exposure to accumulated gamma-irradiation, with doses. 

 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 147 

3) Case 20  

The FTIR spectrum and the variation of absorbance against 

doses for hemoglobin polymer samples for breast cancer patients is 

shown in figure (3.30). The spectrum appeared, for all samples, as a 

band of different intensities, illustrating the five function groups 

investigated above. 

 

 

Fig. (3.30): FTIR spectrum of hemoglobin polymer for local breast-irradiation 
before and after exposure to accumulated gamma doses. (Case 20) 
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 The variation of absorbance representing these function 

groups with gamma dose in shown in figure (3.31). 

From the figure it is seen that the absorbance, representing all 

function groups shows a decrease until a minimum value around 24 

Gy due to initiated band scission, followed by an increase on 

increasing the gamma dose up to 50 Gy, the increase in absorbance 

means formation of covalent bonds between molecules via cross-

linking mechanism. 
 

 
Fig. (3.31): Variation of absorbance, measured at characteristic amide groups of 

hemoglobin polymer (Case 20) for local breast-irradiation before and after 
exposure to accumulated gamma-irradiation, with doses. 
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3.3.2- pelvic cancer   

 Values of the absorbance of the function groups are given in 
table (3.8) as a function of gamma dose. 
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1) Case 6  

The FTIR spectrum and the variation of absorbance against 

doses for hemoglobin polymer samples for pelvic cancer patients is 

shown in figure (3.32). The spectrum appeared, for all samples, as a 

band of different intensities, illustrating the five function groups 

investigated above.  

 

 

Fig. (3.32): FTIR spectrum of hemoglobin polymer for local pelvic-irradiation 
before and after exposure to accumulated gamma doses. (Case 6) 
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 The variation of absorbance representing these function 

groups with gamma dose in shown in figure (3.33). 

From the figure it is seen that the absorbance, representing all 

function groups shows an increase on increasing the gamma dose up 

to 50 Gy. The increase in absorbance means formation of covalent 

bonds between molecules via cross-linking mechanism. 

 
 

 
Fig. (3.33): Variation of absorbance, measured at characteristic amide groups of 

hemoglobin polymer (Case 6) for local pelvic-irradiation before and after 
exposure to accumulated gamma-irradiation, with doses. 
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2) Case 14  

The FTIR spectrum and the variation of absorbance against 

doses for hemoglobin polymer samples for pelvic cancer patients is 

shown in figure (3.34). The spectrum appeared, for all samples, as a 

band of different intensities, illustrating the five function groups 

investigated above.  

 

 

Fig. (3.34): FTIR spectrum of hemoglobin polymer for local pelvic-irradiation 
before and after exposure to accumulated gamma doses. (Case 14) 
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The variation of absorbance representing these function 

groups with gamma dose in shown in figure (3.35). 

From the figure it is seen that the absorbance, representing all 

function groups shows a decrease until a minimum value around 20 

Gy due to initiated band scission, followed by an increase on 

increasing the gamma dose up to 40 Gy, the increase in absorbance 

means formation of covalent bonds between molecules via cross-

linking mechanism. 
 

 
Fig. (3.35): Variation of absorbance, measured at characteristic amide groups of 

hemoglobin polymer (Case 14) for local pelvic-irradiation before and after 
exposure to accumulated gamma-irradiation, with doses. 
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3) Case 17  

The FTIR spectrum and the variation of absorbance against 

doses for hemoglobin polymer samples for pelvic cancer patients is 

shown in figure (3.36). The spectrum appeared, for all samples, as a 

band of different intensities, illustrating the five function groups 

investigated above. up to 50 Gy.  

 

 
 

Fig. (3.36): FTIR spectrum of hemoglobin polymer for local pelvic-irradiation 
before and after exposure to accumulated gamma doses. (Case 17) 
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The variation of absorbance representing these function 

groups with gamma dose in shown in figure (3.37). 

From the figure it is seen that the absorbance, representing all 

function groups shows an increase on increasing the gamma dose up 

to 50 Gy, the increase in absorbance means formation of covalent 

bonds between molecules via cross-linking mechanism. 

 

 
Fig. (3.37): Variation of absorbance, measured at characteristic amide groups of 

hemoglobin polymer (Case 17) for local pelvic-irradiation before and after 
exposure to accumulated gamma-irradiation, with doses. 
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3.4- Electron spin resonance (ESR)  

3.4.1- Breast cancer 

1) Case 4  

Electron spin resonance was performed, on hemoglobin 

samples of cancer patients. Figure (3.38) shows ESR spectrum of 

hemoglobin polymer for local breast-irradiation before and after 

exposure to accumulated gamma doses.  

 
 

Fig. (3.38): ESR spectrum of hemoglobin polymer for local breast-irradiation 
before and after exposure to accumulated gamma doses. (Case 4) 

 
 

From the figure it is obvious that the line intensity increases 

with the gamma dose which indicates an increase the number of free 

radicals. This increase can be attributed to the interaction of gamma 
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radiation with water in the samples and react with globin as well as 

with porphyrin that leads to porphyrin radical formation (97). Also, 

OH radicals were proposed to cause protein denaturation and 

porphyrin ring (heme) degradation (98). The number of free radicals 

for each resonance line was evaluated and is given in table (3.9). 

 

Table (3.9): Values of the number of free radicals for hemoglobin 
polymer of breast cancer as a function of the gamma doses. 

 
 

 
 
 

 

 

 

 

 

 

 

The variation of the number of free radicals as a function of gamma 

doses is shown in figure (3.39).  

 

Case Doses (Gy) No. of free radicals (radical/g) 
control 0 1.39E+17 

0 2.72111E+17 
22 1.8328E+17 4 
50 7.53529E+17 
0 1.41199E+17 
22 1.46913E+17 10 
45 1.89627E+17 
0 1.21E+18 
24 8.56E+17 20 
50 1.93E+18 
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Fig. (3.39): Variation of free radicals for hemoglobin polymer for local breast-

irradiation (Case 4) before and after exposure to accumulated gamma-
irradiation, with dose. 

 

2) Case 10 

 the spectrum of electron spin resonance (ESR) and the 
variation of free radicals for hemoglobin polymer of local breast-
irradiation before and after exposure to accumulated gamma-
irradiation are shown in figures (3.40) and (3. 41), the number of 
free radicals in non-irradiated cancer patients (0 Gy) is high than 
negative control, then after 22 Gy there was slightly increase in 
concentration of free radicals, then after 45 Gy the number of free 
radicals increase. 
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Fig. (3.40): ESR spectrum of hemoglobin polymer for local breast-irradiation 

before and after exposure to accumulated gamma doses. (Case 10) 
 

 
Fig. (3.41): Variation of free radicals for hemoglobin polymer for local breast-

irradiation (Case 10) before and after exposure to accumulated gamma-
irradiation, with dose. 
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3) Case 20 

The spectrum of electron spin resonance (ESR) and the 
variation of the number of free radicals for hemoglobin polymer of 
local breast-irradiation before and after exposure to accumulated 
gamma-irradiation are shown in figures (3.42) and (3.43), the 
number of free radicals in non-irradiated cancer patients (0 Gy) is 
high than negative control, then after 24 Gy there was increase in 
concentration of free radicals, then after 50 Gy the number of free 
radicals increase. 

 
 

 
 

Fig. (3.42): ESR spectrum of hemoglobin polymer for local breast-irradiation 
before and after exposure to accumulated gamma doses. (Case 20) 
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Fig. (3.43): Variation of free radicals for hemoglobin polymer for local breast-

irradiation (Case 20) before and after exposure to accumulated gamma-
irradiation, with dose. 

3.4.2- Pelvic cancer 

Values of the number of free radicals for hemoglobin polymer 
of pelvic cancer as a function of the gamma doses are shown in table 
(3.10). 

Table (3.10): Values of the number of free radicals for    hemoglobin 
of pelvic cancer as a function of the gamma doses. 

Case Dose (Gy) No. of free radicals (radical/g) 
-ve cont 0 1.39E+17 

0 1.93065E+17 
24 1.20986E+17 6 
50 1.94384E+17 
0 1.76071E+17 
20 2.64544E+17 14 
40 2.99414E+17 
0 2.67618E+17 
13 2.37959E+17 17 
50 3.16657E+17 
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1) Case 6  

The spectrum of electron spin resonance (ESR) and the 
variation of free radicals for hemoglobin polymer of local pelvic-
irradiation before and after exposure to accumulated gamma-
irradiation are shown in figures (3.44) and (3.45) respectively, the 
number of free radicals in non-irradiated cancer patients (0 Gy) is 
high than negative control, then after 24 Gy there was a decrease in 
concentration of free radicals, then after 50 Gy the number of free 
radicals increase. 

 

 
 

Fig. (3.44): ESR spectrum of hemoglobin polymer for local pelvic-irradiation 
before and after exposure to accumulated gamma doses. (Case 6) 
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Fig. (3.45): Variation of free radicals for hemoglobin polymer for local pelvic-

irradiation (Case 6) before and after exposure to accumulated gamma-
irradiation, with dose. 

 
  

2) Case 14  

The spectrum of electron spin resonance (ESR) and the 
variation of free radicals for hemoglobin polymer of local pelvic-
irradiation before and after exposure to accumulated gamma-
irradiation are shown in figures (3.46) and (3.47) respectively, the 
numer of free radicals in non-irradiated cancer patients (0 Gy) is 
high than negative control, then after 20 Gy there was increase in 
number of free radicals, then after 40 Gy the concentration of free 
radicals increase. 
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Fig. (3.46): ESR spectrum of hemoglobin polymer for local pelvic-irradiation 
before and after exposure to accumulated gamma doses. (Case 14) 

 
 

 
Fig. (3.47): Variation of free radicals for hemoglobin polymer for local pelvic-

irradiation (Case 14) before and after exposure to accumulated gamma-
irradiation, with dose. 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 165 

3) Case 17 

 The spectrum of electron spin resonance (ESR) and the 
variation of free radicals for hemoglobin polymer of local pelvic-
irradiation before and after exposure to accumulated gamma-
irradiation are shown in figures (3.48) and (3.49) respectively, the 
number of free radicals in non-irradiated cancer patients (0 Gy) is 
high than negative control, then after 13 Gy there was decrease in 
number of free radicals, then after 50 Gy the number of free radicals 
increase. 

 

 
 

Fig. (3.48): ESR spectrum of hemoglobin polymer for local pelvic-irradiation 
before and after exposure to accumulated gamma doses. (Case 17) 
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Fig. (3.49): Variation of free radicals for hemoglobin polymer for local pelvic-

irradiation (Case 17) before and after exposure to accumulated gamma-
irradiation, with dose. 
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3.5- UV-Visible spectra 
 

Gamma-irradiation of the hemoglobin solutions caused the 

disruption of the ordered structure of the protein molecules, as well 

as degradation, cross-linking, and aggregation of polypeptide chains 
(99). Ferrous heme reacts with oxygen irreversibly to yield ferric 

heme, but when ferrous heme is embedded in the folds of the globin 

chain, it is protected so that its reaction with oxygen is reversible. 

The effect of the globin on the chemistry of the heme has been 

explained with the discovery that the irreversible oxidation of heme 

proceeds by way of an intermediate compound in which an oxygen 

molecule forms a bridge between the iron atoms of the two hemes. 

In hemoglobin the folds of the polypeptide chain prevent the 

formation of such bridge by isolating each heme in a separate 

pocket. Moreover, the heme iron is linked to a nitrogen atom of the 

amino acid histidine of the globin part, which donates a negative 

charge that enables the iron to form a loose bond with oxygen (100).  

 The variations in the absorption bands of irradiated 

hemoglobin molecule, compared to the control one, reflect some 

molecular changes induced by the exposure to radiation. Exposure to 

radiation was known to induce oxidation of the aromatic amino 

acids and the consequent disruption of the three-dimensional 

structure of hemoglobin (101) this appears in the form of breakage of 

hydrogen bonds, S-S bonds and other weak bonds. 
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At 5 Gy dose, the folding of the aromatic side chain amino 

acid is more permanent, as appeared from the increase in the 271 nm 

band. In the normal state, this bond stretches the iron atom towards 

the globin part, and out of the porphyrin plane, thus limiting and 

controlling its binding with oxygen (54). 

 

3.5.1- Breast cancer    

1) Case 4 

 The UV-visible bands of hemoglobin polymer for local breast-

irradiation for hemoglobin bands before and after exposure to 

accumulated gamma-irradiation is shown in table (3.11). 

 

 

 

 

 

 

 

 

 

 

 
Table (3.11): Values of wavelength and absorbance for globin, 

globin-heme, soret, B and α bands as a function of gamma dose for 
breast cancer. 
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α− band β-band Soret-band Globin-heme 

interaction 
Globin-band Dose 

(Gy) 
Case 

A   (λ) 
nm 

A  (λ) 
nm 
  

A  (λ) 
nm  

A   (λ) 
Nm  

A  (λ) 
nm 

  
  

 

0.190 578 0.17 542  1.800 414 0.380 342 0.500 275 0 
 

-ve 
cont 

0.207 577  0.198  542  1.831  414.2  0.405  346.4  0.506  274.8  0 
  

0.186 576.6 0.185 541.4 1.815 412 0.420 349.2 0.499 275 22  
 

0.206 576.4 0.183 541.8 1.803 411.6 0.421 351.6 0.499  274.4 50 
  

 
 
 
4 

 

0.202 576.8 0.194 542 1.690 415.0 0.390 344.4 0.505 274.2 0 
  

0.184 576.6 0.185 541.4 1.751 412.2 0.415 349.0 0.511 274.6  22 
 

0.206 577 0.20 541.2 1.835 413.4 0.415 348.4 0.504 275  45 
 

 
 
 
10 
 

0.207  577.0 0.198 542  1.831 414.2 0.405 346.4 0.506 274.8 0 
  

0.186 576.4 0.206 542.4 1.842 414.8 0.407 346.6 0.503 274.2 24 

0.183  576.4  0.183 541.8  1.803 414.6 0.418 351.6 0.499 274.4 50 
 

  
  
20 
  

 
Figure (3.50) indicates that absorbance of globin band for 

positive control, non irradiated cancer patients (0 Gy) is higher than 

negative control (-ve), and after irradiation up to (22 Gy), the 

absorbance decreases has a value of 0.499. Then after (50 Gy) the 

absorbance is almost constant. 

For globin-heme interaction that refers to non covalent bond 

between globin′s histidine and heme iron, the absorbance of positive 

control (0 Gy) is higher than negative control, and then after (22 

Gy), the absorbance at 349.2 nm is increases to 0.420 and then after 

(50 Gy) the absorbance slightly increases.  
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For soret band; the absorbance of positive control (0 Gy) is 

higher than negative control, and then by irradiation at (22 Gy) the 

absorbance decreases to 1.815. Above (22 Gy) and up to (50 Gy) the 

absorbance decreases to 1.803.  

For β-band (Fe-N in porphyrine); the absorbance for (+ve) 

control is higher than (-ve) control, then after irradiation by (22 Gy) 

the absorbance decreases to 0.185, and then up to (50 Gy) the 

absorbance decreases to 0.183. 

 For α-band refer to (heme-heme interaction band); the 

absorbance for (+ve) control is higher than (-ve) control, then after 

(22 Gy) the absorbance at 576.6 nm is decrease to 0.186 and up to 

(50 Gy) the absorbance increases to 0.206. 
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Case 4 

 
Fig. (3.50): Variation of absorbance of UV-visible spectra of hemoglobin 

polymer for local breast-irradiation (Case 4) for  globin, globin-heme, soret, β 
and α band respectively. 
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2) Case 10 

 Figure (3.51) indicates that absorbance of globin band (274.2 

nm) for positive control, non irradiated cancer patients (0 Gy) as 

given in table (3.11) is higher than negative control (-ve), and after 

irradiation up to (22 Gy), the absorbance increases has a value of 

0.511. Then after (45 Gy) the absorbance decreases to 0.504. 

For globin-heme interaction that refers to non covalent bond 

between glob in′s histidine and heme iron, the absorbance of positive 

control (0 Gy) is higher than negative control, and then after (22 

Gy), the absorbance at 349.0 nm is increases to 0.415 and then after 

(45 Gy) the absorbance almost remains constant.  

For soret band; the absorbance of positive control (0 Gy) is 

lower than negative control, and then by irradiation at (22 Gy) the 

absorbance increases to 1.751. Above (22 Gy) and up to (45 Gy) the 

absorbance increases to 1.835.  

For β-band (Fe-N in porphyrine); the absorbance for (+ve) 

control is higher than (-ve) control, then after irradiation by (22 Gy) 

the absorbance decreases to 0.185, and then up to (45 Gy) the 

absorbance increases to 0.20. 

 For α-band refer to (heme-heme interaction band); the 

absorbance for (+ve) control is higher than (-ve) control, then after 

(22 Gy) the absorbance is decrease to 0.184 and up to (45Gy) the 

absorbance increases to 0.206. 
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Fig. (3.51): Variation of absorbance of UV-visible spectra of hemoglobin 

polymer for local breast-irradiation (Case 10) for globin, globin-heme, soret, β 
and α band respectively, before and after exposure to accumulated γ-irradiation. 
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 3) Case 20 

 Figure (3.52) indicates that absorbance of globin band (274.8 

nm) for positive control, non irradiated cancer patients (0 Gy) as 

given in table (3.11) is higher than negative control (-ve), and after 

irradiation up to (24 Gy), the absorbance decreases has a value of 

0.503. Then after (50 Gy) the absorbance decreases to 0.499. 

For globin-heme interaction that refers to non covalent bond 

between globin′s histidine and heme iron, the absorbance of positive 

control (0 Gy) is higher than negative control, and then after (24 

Gy), the absorbance at 346.6 is increases to 0.407 and then after (50 

Gy) the absorbance increases to 0.418.  

For soret band; the absorbance of positive control (0 Gy) is 

higher than negative control, and then by irradiation at (24 Gy) the 

absorbance increases to 1.842. Above (24 Gy) and up to (50 Gy) the 

absorbance decreases to 1.803.  

For β-band (Fe-N in porphyrine); the absorbance for (+ve) 

control is higher than the (-ve) control, then after irradiation by (24 

Gy) the absorbance increases to 0.206, and then up to (50 Gy) the 

absorbance decreases to 0.183. 

 For α-band refer to (heme-heme interaction band); the 

absorbance for (+ve) control is higher than (-ve) control, then after 

(24 Gy) the absorbance is decrease to 0.186 and up to (50 Gy) the 

absorbance decreases to 0.183. 
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Case 20 

 
Fig. (3.52): Variation of absorbance of UV-visible spectra of hemoglobin 

polymer for local breast-irradiation (Case 20) for globin, globin-heme, soret, β 
and α band respectively, before and after exposure to accumulated γ-irradiation. 
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3.5.2- Pelvic cancer  

The UV-visible bands of hemoglobin polymer for local pelvic-

irradiation for hemoglobin bands before and after exposure to 

accumulated gamma-irradiation is shown in table (3.12).  

 

Table (3.12): Values of wavelength and absorbance for globin, 
globin-heme, soret, B and α band as a function of gamma dose for 

pelvic cancer. 
 

α− band β-band Soret-band Globin-heme 
interaction 

Globin-band Dose 
Gy 

Case 

A (λ) 
nm 

A (λ) 
nm 

A (λ) 
nm 

A (λ) 
 nm 

A (λ) 
nm 

 

  

0.190 578 0.170 542.0 1.800 414 0.380 342 0.500 275 
 

0 
 

-ve 
cont 

0.190 576.6 0.185 541.4 1.710 414.6 0.390 346.6 0.502 274.2 0 
 

0.185 577.0 0.183 542.4 1.566 414.4 0.387 347.2 0.509 274.8 24 
 

0.194 577.0 0.190 541.4 1.856 414.4 0.409 347.4 0.508 274.8 50 
 

 
 

6 
 

0.195 576.6 0.190 541.8 1.724 413.4 0.399 347.6 0.503 274.4 0 
 

0.204 576.4 0.197 541.8 1.802 414.6 0.404 347.6 0.510 274.2 20 
 

0.204 577.0 0.196 541.4 1.783 414.0 0.399 344.4 0.506 274.6 40 
 

 
 
14 

 

0.205 576.4 0.198 542 1.86 413 0.421 349.0 0.507 274.6 0 
 

0.313 577 0.203 541 1.864 414 0.414 346.6 0.505 274.8 13 
 

0.216 577 0.206 541.4 1.859 414.8 0.411 346.0 0.508 274.8 50 
 

 
 
17 
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1) Case 6  

Figure (3.53) indicates that absorbance of globin band (274.2 

nm) for positive control, non irradiated cancer patients (0 Gy) as 

given in table (3.12) is higher than negative control (-ve), and after 

irradiation up to (24 Gy), the absorbance increases has a value of 

0.509. Then after (50 Gy) the absorbance decreases to 0.508. 

For globin-heme interaction that refers to non covalent bond 

between globin′s histidine and heme iron, the absorbance of positive 

control (0 Gy) is higher than negative control, and then after (24 

Gy), the absorbance is decreases to 0.387 and then after (50 Gy) the 

absorbance increases to 0.409.  

For soret band; the absorbance of positive control (0 Gy) is 

lower than negative control, and then by irradiation at (24 Gy) the 

absorbance decreases to 1.566. Above (24 Gy) and up to (50 Gy) the 

absorbance increases to 1.856.  

For β-band (Fe-N in porphyrine); the absorbance for (+ve) 

control is higher than (-ve) control, then after irradiation by (24 Gy) 

the absorbance decreases to 0.183, and then up to (50 Gy) the 

absorbance increases to 0.190. 

 For α-band refer to (heme-heme interaction band); the 

absorbance for (+ve) control is the same as (-ve) control, then after 

(24 Gy) the absorbance at 577 nm is decrease to 0.185 and up to (50 

Gy) the absorbance increases to 0.194. 
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Case 6 

 
Fig. (3.53): Variation of absorbance of UV-visible spectra of hemoglobin 

polymer for local pelvic-irradiation (Case 6) for globin, globin-heme, soret, β 
and α band respectively, before and after exposure to accumulated γ-irradiation. 
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2) Case 14  

Figure (3.54) indicates that absorbance of globin band (274.4 

nm) for positive control, non irradiated cancer patients (0 Gy) as 

given in table (3.12) is higher than negative control (-ve), and after 

irradiation up to (20 Gy), the absorbance increases has a value of 

0.510. Then after (40 Gy) the absorbance decreases to 0.506. 

For globin-heme interaction that refers to non covalent bond 

between globin′s histidine and heme iron, the absorbance of positive 

control (0 Gy) is higher than negative control, and then after (20 

Gy), the absorbance is increases to 0.404 and then after (40 Gy) the 

absorbance decreases to 0.399.  

For soret band; the absorbance of positive control (0 Gy) is 

lower than negative control, and then by irradiation at (20 Gy) the 

absorbance increases to 1.802. Above (20 Gy) and up to (40 Gy) the 

absorbance decreases to 1.783.  

For β-band (Fe-N in porphyrine); the absorbance for (+ve) 

control is higher than (-ve) control, then after irradiation by (20 Gy) 

the absorbance increases to 0.197, and then up to (40 Gy) the 

absorbance decreases to 0.196. 

 For α-band refer to (heme-heme interaction band); the 

absorbance for (+ve) control is higher than (-ve) control, then after 

(20 Gy) the absorbance at 576.4 nm is increase to 0.204 and up to 

(40 Gy) the absorbance almost remains constant. 
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Case 14 

 
Fig. (3.54): Variation of absorbance of UV-visible spectra of hemoglobin 

polymer for local pelvic-irradiation (Case 14) for globin, globin-heme, soret, β 
and α band respectively, before and after exposure to accumulated γ-irradiation. 
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3) Case 17 

 Figure (3.55) indicates that absorbance of globin band (274.6 

nm) for positive control, non irradiated cancer patients (0 Gy) as 

given in table (3.12) is higher than negative control (-ve), and after 

irradiation up to (13 Gy), the absorbance decreases has a value of 

0.505. Then after (50 Gy) the absorbance increases to 0.508. 

For globin-heme interaction that refers to non covalent bond 

between globin′s histidine and heme iron, the absorbance of positive 

control (0 Gy) is higher than negative control, and then after (13 

Gy), the absorbance is decreases to 0.414 and then after (50 Gy) the 

absorbance decreases to 0.411.  

For soret band; the absorbance of positive control (0 Gy) is 

higher than negative control, and then by irradiation at (13 Gy) the 

absorbance increases to 1.864. Above (13 Gy) and up to (50 Gy) the 

absorbance decreases to 1.859.  

For β-band (Fe-N in porphyrine); the absorbance for (+ve) 

control is higher than (-ve) control, then after irradiation by (13 Gy) 

the absorbance increases to 0.203, and then up to (50 Gy) the 

absorbance increases to 0.206. 

 For α-band refer to (heme-heme interaction band); the 

absorbance for (+ve) control is higher than (-ve) control, then after 

(13 Gy) the absorbance at 577 nm is increases to 0.313 and up to (50 

Gy) the absorbance decreases to 0.216. 
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Case 17 

 
Fig. (3.55): Variation of absorbance of UV-Visible spectra of hemoglobin 

polymer for local pelvic-irradiation (Case 17) for globin, globin-heme, soret, β 
and α band respectively, before and after exposure to accumulated γ-irradiation. 
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Conclusion 
 

From the study of the effect of gamma ionizing radiation on the 

physical properties of the investigated natural hemoglobin polymer, 

one can draw the following conclusions: 

 

Cancer patients showed many different changes in the physical 

properties of their hemoglobin polymer. 
 

The X-ray diffraction measurements indicated that the degree of 

ordering or disordering of hemoglobin polymer is dependent on the 

irradiation dose due to degradation and cross-linking processes. 

Also, the irradiation of this polymer, at some dose ranges, causes 

branching that reduces the crystalline structure and increases the 

amorphous regions. The integral intensity measured by X−ray 

diffraction was decreased compared to the -ve control, which 

indicates a decrease in crystalline phase (ordering). Also, the FTIR 

spectra indicate that the cancer patients suffer from destruction in all 

amide groups of Hb. 

 

On radiotherapy the integral intensity measured by X−ray 

diffraction and the intensities of amide groups measured by FTIR 

spectroscopy were increased, the UV−Visible spectra showed some 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


 185 

repair of absorption bands due to irradiation. While the free radicals 

were increased by γ−irradiation which cause more bonds destruction 

followed by crosslinking. 

 

The viscosity and thus the average molecular mass of 

hemoglobin polymer were found to be dependent on the gamma 

dose. Also, the hemoglobin polymer was found to form almost 

highly viscous solutions due to irradiation. Viscosity measurement 

for patients before irradiation, was increased, and the number of free 

radicals also increased as indicated by ESR. Also, the UV−Visible 

spectra of Hb for cancer patient showed an increase globin–heme 

band and decreases in soret, α and β bands.  

 

All of these physical parameters indicate that the cancer 

patients suffer from abnormal hemoglobin with decrease in 

crystalline phase and destruction of bonds (degradation) of 

hemoglobin polymer. 
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 يــص العربـالملخ

الھیموجلوبین الذي تم الحصول   بولیمر علىي اإلشعاع العالجتأثیرب تھتم ھذه الدراسة

وبعد فترتین من التشعیع الموضعي ) بىكنترول ایجا(قبل ) الحاالت(علیھ من المرضى 

  ).كنترول سلبى(بالجاما وتم مقارنة النتائج بمتبرعین أصحاء 

  : تم تصنیف المرضى إلى مجموعتین

المجموعة األولى وھي تمثل الحاالت التي تعانى من سرطان الثدى حیث تتراوح - 1

  .  أسابیع5 جلسة لمدة 25 جراى تقسم إلى 50- 45الجرعة الكلیة من 

المجموعة الثانیة تمثل الحاالت التى تعانى من سرطان الحوض حیث تتراوح الجرعة - 2

  . أسابیع5-2 جلسة لمدة 25- 10 جراى تقسم إلى 66- 20الكلیة من 

تم دراسة تغیر الخواص الفیزیائیة للھیموجلوبین نتیجة التشعیع باستخدام تقنیات متعددة 

،  (FTIR) ، وطیف األشعة تحت الحمراء  ، اللزوجة (XRD)مثل حیود االشعة السینیة 

-UV) ( وطیف األشعة فوق البنفسجیة والمرئیة (ESR)الرنین اإللكترونى الحلزونى 

Visible.  

  :و یمكن تلخیص التأثیرات الناتجة من العالج اإلشعاعى كاآلتى

اتصف طیف أشعة إكس للھیموجلوبین للكنترول السلبى ولمریض السرطان قبل وبعد 

شعة جاما التراكمیة بھالة تتكون من قمتین متجاورتین بأقصى شدة لوحظت التعرض أل

 كما لوحظ انھ مع زیادة الجرعة یقل الطور .  على التوالى21.2 , 9.5عند زاویتین 

كما لوحظ أیضا أن عرض الھالة یقل عند منتصف اقصى شدة ). العشوائیة(البللورى 

)ΔW ( اى أقل من الكنترول السلبى واإلیجابى جر50یتبعھ زیادة بزیادة الجرعة حتى.  

  مول على قاعدة x  -5 4.110وقد تم قیاس اللزوجة لسوائل الھیموجلوبین عند تركیز

heme-heme  اللزوجةو تم حساب 1- ثانیة400-10 وعند اختالف المعدل القصى من  
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 و لوحظ أن اللزوجة لدى مرضى السرطان Binghamلكل عینات الھیموجلوبین بمعادلة 

  .وكلما زادت الجرعة زادت اللزوجة  تزداد مقارنة بالكنترول السلبى

أما بالنسبة لالشعة تحت الحمراء فقد لوحظ نقص فى شدة الھیموجلوبین لدى مرضى 

حیث أن اإلشعاع الموضعى سَبب نقص . السرطان لكل مجموعات األمیدات مع اإلشعاع

یدات داللة على تدمیر روابط األمیدات عند منتصف الجرعات التراكمیة بینما فى شدة األم

 cross-linkingعن نھایة اإلشعاع نالحظ زیادة فى الشدة داللة على اتحاد الروابط 

  .والذي تحقق أیضا في حاالت سرطان الحوض

من  فقد تم استخدامھ على عینات (ESR)أما بالنسبة للرنین اإللكترونى الحلزونى  

الھیموجلوبین المجفف وتم حساب عدد الشقوق الحرة  وعندھا لوحظ زیادة فى عدد 

الشقوق الحرة لكل مرضى السرطان مقارنة بالكنترول السلبى وكلما زاد اإلشعاع زاد عدد 

  .الشقوق الحرة

 نانومیتر 700-200وباستخدام جھاز طیف األشعة فوق البنفسجیة المرئیة فى حدود من 

- Globin مول على قاعدة رابطة x10 -5 2.6كیز الھیموجلوبین عند وعند ضبط تر

heme نانومیتر باستخدام ماء مقطر لوحظ وجود زیادة فى 275 عند طول موجى 

 لكال من سرطان الثدى والحوض للكنترول Globin–hemeاإلمتصاص لرابطة 

  .اإلیجابى مقارنة بالكنترول السلبى

قص فى اإلمتصاص للكنترول اإلیجابى مقارنة  لوحظ وجود نSoretبالنسبة لرابطة 

  .بالكنترول السلبى بینما وجد زیادة فى اإلمتصاص مع زیادة  اإلشعاع

أما بالنسبة لرابطة بیتا فلوحظ أنھ یوجد نقص فى اإلمتصاص للكنترول اإلیجابى مقارنة 

بالكنترول السلبى وبزیادة الجرعات وجد نقص ثم زیادة فى اإلمتصاص عند نھایة 

  .اإلشعاع
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بالنسبة لرابطة ألفا فلوحظ نقص فى اإلمتصاص للكنترول اإلیجابى مقارنة بالكنترول 

  .    السلبى بینما وجد زیادة فى اإلمتصاص مع زیادة اإلشعاع
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