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ABSTRACT 
 
Irradiation of blood and blood components is currently practiced in developed and in a few developing 
countries. The main purpose of this process is the prevention of graft versus host disease in immunodeficient 
patients. The Food and Drug Administration recommends a dose range of 15Gy to 25Gy for these blood 
components. When x-ray photons are scattered from biological samples, their angular distribution shows one or 
more peaks in the forward direction of scattering. These peaks are characteristic for the investigated samples. 
Due to its wide range of biological and medical applications, low-angle x-ray scattering has attracted the 
attention of many authors. Thus in this present work was studied the possible variations in scattering profiles 
due to the irradiation when the gender of patients was considered. Fresh blood specimens were obtained from 
volunteers using vacutainer tubes containing EDTA, at the Dr. Eliel Figueiredo Laboratory, Rio de Janeiro. All 
the samples were lyophilized for 48 hours in a freeze drier in order to remove the water. The scattering 
measurements were carried out in θ-2θ reflection geometry using a powder diffractometer Shimadzu XRD-
6000. The measured characterization parameters for LAXS were associated with epidemiological data (gender). 
The mean values of the different parameters were compared using the Students’s t-test for each caraterization 
parameters. The scattering profiles from plasma and formed elements are characterized by the presence of two 
peaks in the forward direction of scattering. For epidemiological data (gender) analyzed was not found 
significant changes in the mostly of characterization parameters (p>0.05). 
 
 
 

1. INTRODUCTION 
 
 
Graft-versus-host disease (GVHD) is the clinical syndrome ascribed to the inflammatory 
reaction mounted by the donor cells against the host organs. It was first described in humans 
after marrow transplantation (BMT) in 1959. Since then, it has been described in solid organ 
transplantation, blood transfusion (TAGVHD) and maternal-fetal transfer of leukocytes. 
Inspite of GVHD being a well defined syndrome, the diagnosis of TA-GVHD is often 
delayed because the non-specific manifestations. Mortality in TA-GVHD is high and is 
attributed to the complications of acquired bone marrow failure. Several drugs have been 
tried without proven benefit and treatment is largely ineffective, prevention of TA-GVHD 
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becomes of paramount importance. Irradiation is the best method to inhibit proliferation of 
immunocompetent cells in the donor blood products and it is employed in blood banks to 
avoid transfusion-associated graft-vs-host disease (TAGVHD) [1,2]. The Food and Drug 
Administration recommends a dose range of 15Gy to 25Gy for blood and hemocomponents. 
These relatively high doses can cause damage to the molecular structure of blood [3]. 
 
Low-angle X-ray scatter for tissue characterization, like blood, is based on the differences 
which result from the interference of photons coherently scattered from molecules of each 
sample. Crystalline materials show sharp peak distributions with well-defined scattering 
angles (Bragg law) and non-crystalline or amorphous materials, such as body tissues, 
generally show only one or more broad peaks [4,5]. These peaks are also characteristic and 
sensitive to variations in molecular structure. Low-angle X-ray scattering (LAXS) is a 
powerful tool to get information about the spatial structure of substances in general. Thus in 
this present work was studied the possible variations in scattering profiles due to the 
irradiation when the gender of patients was considered. 
 
 
 

2. MATERIALS AND METHODS 
 
Fresh blood specimens were obtained from volunteers by vein puncture using vacutainer 
tubes containing EDTA at Dr. Eliel Figueiredo Laboratory, Rio de Janeiro, Brazil. Blood 
samples (n=433) were obtained from a randomly chosen population composed by: 73% 
males group and 27% female group. The irradiation was performed by Gammacel irradiator 
with a 60Co source (E=1.25MeV) at LIN/COPPE/Brazil with dose of 15Gy to 25Gy and 
sequentially compared with non irradiated samples (0Gy).  
 
In this work whole blood samples were left to rest in glass test tubes for a period of 1 hour at 
ambient temperature to simply decant. Plasma (PL) was separated from formed elements by 
aspirating the clear supernatant solution. The sediment was considered formed elements 
(MC). All the samples used in this study were lyophilized for 48 hours in a freeze drier (-
60°C and 760 mmHg) in order to remove the water.  
 
The scattering measurements were carried out in θ-2θ reflection geometry using a powder 
diffractometer Shimadzu XRD-6000 at the Nuclear Instrumentation Laboratory, Brazil. The 
tube has a cobalt target (E = 8.047 keV) and works at 40 kV and 30 mA. The sample is 
placed in the aluminum sample holder within a circular depression with diameter 2.5 cm and 
volume equal to 0.5 cm3. A 1o scatter slit (SS) and a 0.30 mm receiving slit (RS) collimate 
the incident and the diffracted beam, respectively. Then the beam reaches a curved graphite 
monochromator and enters a NaI(Tl) scintillation detector. Scans were typically done from 5o 
to 35o at 0.1o/6 s. The measured characterization parameters for Low-angle X ray scattering 
(LAXS) were associated with epidemiological data (gender). These parameters are: the 
angular position of the first and second scattering peaks, their FWHM values and the 
percentage ratio of the amplitudes (I1/I2) as shown in Figure 1. The values I1 and I2 represent 
the maximum amplitude of the first and second scattering peaks, respectively. 
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Figure 1. Calculation of different characterization 
parameters. 

 
Comparisons among means values were assessed by using Student t-test at a significance level of 
0.05. Differences was considered to be significant when the probability was p<0.05. 
 

3. RESULTS  
 
The donors were separated for gender (female and male). The angular distributions of scattered 
photons for the investigated samples are measured several times for a number of samples. 
Figure 1 to 4 show the mean values of the characterization parameters measured from the 
LAXS profiles obtained for whole blood, plasma and formed elements samples. 
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Figure 1. Comparison among mean values of the characterization 
parameters of non-irradiated samples. 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

Plasma  

 Formed Elements

Whole Blood 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

 Female
 Male

I1 / I2

I1 / I2

FWHM2 (degree)

FWHM2 (degree)

FWHM1 (degree)

FWHM1 (degree)

Peak2 (degree)

Peak2 (degree)

Peak1 (degree)

Peak1 (degree)

I1 / I2

FWHM2 (degree)
FWHM1 (degree)

Peak2 (degree)
Peak1 (degree)

 
Figure 2. Comparison among mean values of the characterization 
parameters of irradiated samples with 15Gy. 
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Figure 3. Comparison among mean values of the characterization 
parameters of irradiated samples with 25Gy. 
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Figure 4. Comparison among mean values of the characterization parameters 
of irradiated samples with 30Gy 

 
Student's' t Test is one of the most commonly used techniques for testing a hypothesis on the 
basis of a difference between sample means and it was used in this work to compare 
epidemiological data (gender). A significance level α= 0.05 was employed in all tests. Table 
1 to 4 show p-value found. In this study the results showed that the difference between the 
males and females groups is non-significant for any parameters.  
 
 

Table 1.  p-value of non-irradiated samples. 

Parameters Whole Blood 
p-value 

Formed Element 
p-value 

Plasma 
p-value 

FWHM1 0.93 0.22 0.46 
Peak 1 

θ1 0.37 0.92 0.28 

FWHM2 0.37 0.87 0.73 
Peak 2 

θ1 0.66 0.20 0.03 

I1/I2 0.29 0.76 0.78 
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Table 2.  p-value of irradiated samples with 15Gy. 

Parameters Whole Blood 
p-value 

Formed Element 
p-value 

Plasma 
p-value 

FWHM1 0.38 0.25 0.81 
Peak 1 

θ1 0.23 0.35 0.79 

FWHM2 0.90 0.93 0.89 
Peak 2 

θ1 0.70 0.63 0.96 

I1/I2 0.29 0.41 0.68 

 
 
Table 3.  p-value of irradiated samples with 25Gy. 

Parameters Whole Blood 
p-value 

Formed Element 
p-value 

Plasma 
p-value 

FWHM1 0.31 0.96 0.84 
Peak 1 

θ1 0.84 0.58 0.85 

FWHM2 0.61 0.45 0.05 
Peak 2 

θ1 0.58 0.62 0.32 

I1/I2 0.29 0.11 0.48 

 
 
Table 4.  p-value of irradiated samples with 30Gy. 

Parameters Whole Blood 
p-value 

Formed Element 
p-value 

Plasma 
p-value 

FWHM1 0.68 0.69 0.19 
Peak 1 

θ1 0.58 0.78 0.70 

FWHM2 0.61 0.45 0.05 
Peak 2 

θ1 0.58 0.62 0.32 

I1/I2 0.29 0.11 0.48 
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4. CONCLUSIONS  
 

Low-angle x-ray scattering from lyophilized whole blood, formed elements and plasma 
produced scattering profiles which are significantly characteristic for each of the samples 
investigated. This work is an attempt to evaluate the possibility of using scattering profiles as 
an analysis tool to provide information about blood and its constituents when irradiated. 
Moreover it is well known that the demand for irradiated blood products is increasing. 
 
In general one can say that low-angle x-ray scattering that no positive association (p>0.05) 
was found for the variations of the characterization parameters the samples investigated when 
gender is considered except for the angular position of second of non-irradiated samples 
(plasma). 
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