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Abstract 
Local radiation syndrome is marked by necrosis that may extend to the deep 
subcutaneous structures. Today, treatment is surgery, excision, graft and flap with 
sometimes bad results. It has been suggested that Mesenchymal Stem Cells (MSC) 
therapy could be used in order to treat numerous tissue lesions. We have performed a 
novel therapeutic approach of local radiation syndrome by using local autologous MSC 
therapy combined to surgery. For this purpose, autologous bone marrow cells were 
collected from the unexposed iliac crest. For GMP production, MSC were expanded in 
a closed system (MacoPharma partnership) containing an innovative serum free 
medium supplemented with human platelet lysate as previously described (Doucet et 
al., J. Cell Physiol., 2005). Quality control assays evidenced that expanded cell 
population retained typical MSC characteristics and did not exhibit chromosomal 
abnormalities. As previously demonstrated, MSC produced many cytokines and growth 
factors which could have a critical role in improving the healing process by 
counteracting the local inflammatory waves and by promoting the autologous skin 
engraftment.  

We believe that MSC act as drug cells delivering in situ in the lesion growth 
factors which contribute to the healing of the lesion. We have also demonstrated that 
after in vitro cell activation, the conditioned medium of MSC exhibited a similar effect 
on wound healing than that obtained with freshly expanded MSC. In case of caryotypic 
abnormalities occurring after in vitro MSC expansion, the use of MSC conditioned 
medium could be considered as a relevant alternative of MSC therapy. Other sources of 
MSC such as adipose tissue, gingival mucosa are also taken in consideration in view of 
setting up an allogeneic stem cell bank.  
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Abstract 
The physiopathological mechanisms of severe radiation burns are well described and 
their treatments are well codified but very difficult to perform with an important 
functional and vital risk. We present four patients with accidental local radiation burns 
and propose a new therapeutic approach combining surgery and local stem cell therapy.  

The first patient had local radiation burns of left fingers and left buttock (Chile, 
2005). We performed early excision of the irradiated part of the buttock after dosimetric 
reconstruction. We covered the buttock and the fingers with full thickness skin graft. 
Autologous Mesenchymal Stem Cells were locally administrated in the lesion in 
combination with surgery. The second patient had a very important radiation-induced 
skin necrosis located to the left arm from the shoulder to the elbow (Senegal, 2007). 
The surgical procedure used a pedicle latissimus dorsi muscle flap and a proximal 
forearm ante bracchial flap after a very large excision of skin and triceps muscle. 
Several Stem Cell administrations were combined to the surgery after many bone 
marrow collections. The third patient had a local radiation burn of the hands (Tunisia, 
2008). Full thickness skin grafts were combined with local stem cells administrations. 
The fourth current case presented a local radiation-induced burn of the limb and was 
also treated by surgery and local stem cell therapy (Equator, 2009). We obtained a 
complete and stable healing in all cases. Stem cell therapy using autologous expanded 
MSC has to be considered as an adjuvant treatment of the surgery corresponding to 
excision of necrosis tissues and flap reconstructions.  

Our results demonstrate that this new therapeutic procedure using surgery and local 
stem cell therapy is very promising. We believe that this innovative approach could 
improve the treatment of local radiation burns in term of functional and vital results. 
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Abstract 
On the 13-th of January of 2008 patient, 61 years old, addressed to admission 
department of Burnazian  Federal Medical Biophysical Center of Federal Medical 
Biological Agency.  

Patient asked for medical help to different hospitals and at 350-th day after 
exposure diagnose of local radiation injure (LRI) was defined. Unsuccessful try of 
iterative autografting was made. At 592-nd day after exposure patient was hospitalized 
to Burnazian  Federal Medical Biophysical Center of Federal Medical Biological 
Agency.    

The result of conservative therapy was decreasing volume of fibrin and non-active 
growth of granulations. In connection with depth and area of wound conservative 
therapy was not successful, patient was need surgical treatment. But his cardiac 
pathology did not allow surgical treatment.   

This situation was the reason to looking for new strategies of treatment of LRI.   
Scientific dates and little clinical experience allowed to use autologous 

mesenchyme cell therapy to cover wounds in cases of LRI in combination with 
conservative therapy.  

Result of using of new technology was active growth of granulation, active 
peripheral epithelization and total epithelization of ulcer.  

In conclusion, this clinical case shows opportunity to use modern hi-tech medical 
methods in combination with conservative therapy to treat consequences of severe local 
radiation injures. At present this strategy of medical management is preferable method 
for patients with severe LRI and with contraindication to surgery.    

Introduction 
On the 13-th of January of 2008 patient, 61 years old, addressed to admission 
department of Burnazian  Federal Medical Biophysical Center of Federal Medical 
Biological Agency. Anamnesis that he told: during long time (about 30 years) he severe 
from coronary heart disease, in 1996 survived coronary artery bypass grafting, in 2000 - 
cardiac infarction. In July of 2006 because of frank coronary atherosclerosis and severe 
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angina pectoris try of stents installation was made under fluoroscopic control. Because 
of technical and anatomical troubles length of operation was about 3½-4 hours.  

During early postoperative period patient noticed appearing of itch and little 
vesicles on interscapular region. In 2 months this symptoms regressed and changed to 
infiltration and pain syndrome.    

Patient asked for medical help to polyclinic near his home, situation was defined 
like dermatitis with unclear etiology and non-specific treatment was applied.  

At 280-th day after exposure black crust appeared in the center of infiltration. 
Patient used applications with different tinctures, as a result black crust was removed 
and ulcer was fined under it.  

Patient asked for medical help to different hospitals and at 350-th day after 
exposure diagnose of local radiation injure (LRI) was defined. Unsuccessful try of 
iterative autografting was made. At 592-nd day after exposure patient was hospitalized 
to Burnazian  Federal Medical Biophysical Center of Federal Medical Biological 
Agency.  

St. Localis: there was ulcer on interscapular region, measurement 5 5 4 cm, 
bottom of ulcer covered by fibrin, skin around ulcer with fibrous and atrophic changes, 
palpation aroung ulcer was without pain syndrome.  

On the base of anamnesis and objective status diagnose was defined: consequence 
of severe LRI of back tissues after x-ray exposure.  

To define severity and area of local radiation injury  following procedures were 
carried out: 

 Radioisotopic study of thorax  
 Electron spin resonance of thorax 
 Cytogenetic analysis of lymphocytes 
 Ultrasonic scanning of back tissues 
 Bacteriological analysis of wound microflora    

On the base of calculation and results of cytogenetic analysis local dose was about 
20-25 Gy without total exposure. The patient was treated according to common 
pathogenetic mechanisms of LRI:  

 Local therapy (specific non-adhesive bandage with antiseptics and 
antibiotics)  

 Disaggregating therapy  
 Stimulation of regeneration 
 Disintoxication therapy  
 Antibiotic therapy 

Wound was contaminated with pseudomonas aeruginosa, which was eliminated 
by systemic antibiotic therapy. 

The result of conservative therapy was decreasing volume of fibrin and non-active 
growth of granulations. In connection with depth and area of wound conservative 
therapy was not successful, patient was need surgical treatment. But his cardiac 
pathology did not allow surgical treatment.   

This situation was the reason to looking for new strategies of treatment of LRI. 
Scientific dates and little clinical experience allowed to use mesenchyme cell’s 

therapy to cover wounds in cases of LRI in combination with conservative therapy. For 
this aim scientific protocol was worked out, which was passed by ethical committee of 
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Burnazian  Federal Medical Biophysical Center of Federal Medical Biological Agency. 
Patient subscribed assent to use new medical technology for treating his disease. After 
that 20 ml of fat was taken. In sterile conditions according standard method, stem 
mesenchyme cells was separated and cultivated in autologous serum to quantity 1-
1,5*106. After that 3-5*105 of them was cleaned and injected around ulcer in 10 points. 

Results 
Result of using of new technology was active growth of granulation, active peripheral 
epithelization and decreasing of  wound measurement on 90% during 1 month.  

For stimulation of epithelization of wound with lot of granulation was made 
successful iterative autografting. We got total epithelization of ulcer during following 3 
weeks.   

Conclusion 
This clinical case shows opportunity to use modern hi-tech medical methods in 
combination with conservative therapy to treat consequences of severe local radiation 
injures. At present this strategy of medical management is preferable method for 
patients with severe LRI and with contraindication to surgery.  
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Abstract 
Diagnostic criteria of acute radiation sickness (ARS), which based on peripheral blood 
cells, were described in numerous publications. However, not all suggested indices 
meet the requirements of accurate and early determination of ARS severity and only 
some of them could be used for integral estimation of hematopoiesis damage caused by 
radiation. Retrospective analysis of hemograms was carried out in 136 patients who 
suffered from Chernobyl accident. From this amount 32 patients survived ARS grade 1 
(mild), 31 grade 2 (moderate), 8 grade 3 (severe), and 65 persons was irradiated in 
doses lower 1 Gy. As the new criteria we suggest following indices: a day of 
granulocytes primary decrease to 2×109, 1×109 and 0.5×109 L-1, and a day of 
thrombocytes primary decrease to 100×109, 50×109 and 30×109 L-1. The ANOVA 
statistical analysis showed that the patients, who were discriminated by ARS grade, 
demonstrated highly significant difference of time period from irradiation (day 0) till 
granulocytes and thrombocytes came down to above-mentioned levels. For integral 
estimation of hematopoiesis damage it is suggested the index of summary deficit of 
peripheral blood granulocytes and thrombocytes count between 10th and 55th day after 
the irradiation. It was calculated as the square of a figure (or several figures) on a graph, 
which basis is a straight line meaning the low normal level of granulocytes (2×109 L-1) 
or thrombocytes (150×109 L-1) count. Slanting lines granulocytes and thrombocytes 
decrease or increase on the graph serve as the figure sides. Any calculation follows the 
graphic presentation of these mature cells dynamics. The summary cells deficit 
significantly correlated with doses of irradiation. The criteria that were suggested 
enabled to estimate the severity of radiation damage and start the adequate treatment 
already on the early stage of ARS.  

Introduction 
The Chernobyl accident showed that in a case of unforeseen radiation exposure, 
resulting in ARS development in man, methods of biological dosimetry become the 
only available for estimation of radiation dose and a rate of sickness severity. Peripheral 
blood indices are used for this purpose more frequent. Thus G. Andrews (Andrews et al. 
1965; Andrews 1980) was one of the firsts who suggested using peripheral blood 
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lymphocytes count on 1st and 2nd days after radiation exposure for evaluation of whole-
body radiation dose and radiation injury rate. Research workers of Moscow Institute of 
biophysics (Gus'kova et al. 1987; Baranov et al. 1995) used nomographic charts for 
absorbed radiation dose estimation. These nomograms are based on lymphocytes 
content in peripheral blood during the first 9 days after irradiation. These researchers 
determined ARS grade by leukocytes count on the 8-9th days after exposure. D. Densow 
et al. (1996) consider that it is possible to predict a depth of hemopoiesis injury by 
granulocytes content in peripheral blood between the 4th and 12th days following 
irradiation. In accordance with gradation, which they suggested, the injury of 
hemopoietic tissue changes from transient slight granulocytopenia to entire depression 
of hemopoiesis.  

However all above-mentioned methods of biological dosimetry are not absolutely 
reliable because they demonstrate essential discrepancy in dose value and ARS grade if 
applies in the same patient. This fact makes the search of new criteria for estimation of 
radiation exposure rate and ARS grade is sufficiently topical. 

Material and methods 
The retrospective analysis of patient's histories was done for the purpose of peripheral 
blood cells count during first two month after the irradiation. There was 71 patients in 
the study program who suffered ARS in a result of the Chernobyl accident, including 32 
persons survived ARS grade 1 (mild), 31 ARS grade 2 (moderate) and 8 ARS grade 3 
(severe). ARS grade determined according to classification had been worked out by 
A. Gus'kova et al. (Mettler et al. 2007). Additionally 65 patients without clinical and 
haematological signs of ARS were included in the study (ARS 0). Their whole-body 
radiation doses were evaluated cytogenetically by count of dicentric in peripheral blood 
lymphocytes (Gus'kova et al. 1987). Age-specific and dosimetric characteristic of the 
examined patients are submitted in table 1.  

 
Table 1. Age-specific and dosimetric characteristic of the examined patients. 

Indices ARS 0 ARS grade 1 ARS grade 2 ARS grade 3 

Number of patients 65 32 31 8 

Gender: M / F 61 / 4 29 / 3 30 / 1 8 / 0 

Age at exposure, years 
mean ± SD 
min – max 
95% confidence interval 

 
34.9±10.1 
20.8-59.4 
32.4-37.4 

 
33.6±8.8 
17.6-56.3 
30.4-36.7 

 
38.7±13.9 
20.7-79.3 
33.6-43.7 

 
35.8±12.5 
20.4-55.1 
25.3-46.3 

Whole-body radiation dose, Gy 
na 
mean ± SD 
min – max 
95% confidence interval 

 
 
0.3±0.2 
0.1-0.6 
0.2-0.4 

 
 
1.0±0.6 
0.1-3.3 
0.7-1.2 

 
 
2.4±0.9 
0.5-4.2 
2.0-2.7 

 
 
5.4±1.0 
3.9-7.1 
4.4-6.3 

Note: a – number of patients with the dose evaluated in 1986 

Results 
As the new haematological criteria for ARS grade evaluation there were studied the 
following indices: a day of granulocytes decrease to 2×109 (lower norm limit), 1×109 
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(the agranulocytosis point), and 0.5×109 L-1 ("the day of 500 neutrophils" according to 
Gus'kova et al. 1987), as well as granulocytes the most minimal level and the day, when 
it came, and a day of thrombocytes decrease to 100×109, 50×109 and 30×109 L-1 (the 
last two points mean the critical level of thrombocytes when risk of spontaneous 
internal bleeding and haemorrhages becomes high), and thrombocytes the most minimal 
level and the day when it came.  

Statistical analysis ANOVA (analysis of variances) revealed the high significance 
of intergroup difference between days after exposure when granulocytes decreased to 
afore-mentioned levels (table 2). 

 
Table 2. The duration of time period from irradiation till the day when peripheral blood 
granulocytes decreased to certain levels (mean ± SD). 

ARS grade Day after irradiation when granulocytes decreased to: Granulocytes 
minimal level, 

×109 L-1 2×109 L-1 1×109 L-1 0.5×109 L-1 the most 
minimum 

1 27±8 (n=32) 31±7 (n=23) 32±3 (n=10) 36±4 (n=32) 0.7±0.5 (n=32) 

2 13±6 (n=30) 19±7 (n=30) 24±5 (n=30) 29±4 (n=30) 0.1±0.1 (n=31) 

3 9±5 (n=8) 14±5 (n=8) 16±5 (n=8) 22±3 (n=8) 0 (n=8) 

ANOVA, F (p) 40.0 (0) 29.9 (0) 26.3 (0) 47.8 (0) 47.8 (0) 

 
The time periods when peripheral blood thrombocytes decreased to 100×109, 

50×109, 30×109 L-1 and the most minimal levels differed significantly as well as 
thrombocytes the most minimal values in patients with various ARS grades (table 3). 
 
Table 3. The duration of time period from irradiation till the day when peripheral blood 
thrombocytes decreased to certain levels (mean ± SD). 

ARS grade Day after irradiation when thrombocytes decreased to: Thrombocytes 
minimal level, 

×109 L-1 100 109 L-1 50 109 L-1 30 109 L-1 the most 
minimum 

1 23±5 (n=31) 26±5 (n=24) 28±4 (n=10) 29±5 (n=32) 36±24 (n=32)  

2 15±3 (n=28)  18±3 (n=28)  21±4 (n=30) 26±4 (n=31) 10±6 (n=30)  

3 10±2 (n=7)  13±1 (n=7) 14±2 (n=7) 22±5 (n=8)  3±3 (n=8)  

ANOVA, F (p) 43.3 (0) 41.5 (0) 37.9 (0) 23.0 (0) 10.1 (0) 

 
The high statistical significance in difference of above-mentioned time periods in 

patients had survived ARS of various severity made possible to use these indices as 
diagnostic criteria for ARS. Based on results of statistical analysis it was found by 
empirical way the fluctuation ranges for granulocytes and thrombocytes time indices 
(table 4).  

The figure 1 demonstrates an example how to determine ARS grade by the way of 
finding on granulocytes dynamics chart the points that correspond the days when these 
peripheral blood cells decreased to certain levels. Thus granulocytes decreased to 
2×109 L-1 on 7th day, to 1×109 L-1 on 15th day, to 0.5×109 L-1 on 21st day, to the minimal 
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level on 25th day. According to suggested criteria this hemogram corresponds to ARS 
grade 3. 

 
Table 4. Haematological criteria of ARS grades. 

Indices ARS grade 1 ARS grade 2 ARS grade 3 

Day of granulocytes decrease to: 
2×109 L-1 
1×109 L-1 
0.5×109 L-1 

minimal value 

 
19-33 
29-41 
32-42 
34-44 

 
8-18 
18-28 
23-31 
26-33 

 
6-7 
9-17 
12-22 
17-25 

Day of thrombocytes decrease to: 
100×109 L-1 
50×109 L-1 
30×109 L-1 
minimal value 

 
20-34 
22-36 
26-35 
32-44 

 
13-19 
15-21 
18-25 
25-31 

 
6-12 
12-14 
13-17 
16-24 

Minimal values: 
granulocytes (×109 L-1) 
thrombocytes (×109 L-1) 

 
300-1500 
20-80 

 
0-300 
10-20 

 
0 
0-8 

 
 

 
 
Fig. 1. Granulocytes dynamics in ARS grade 3 survivors (red crosses indicate the days when cells 
levels decrease to 2×109, 1×109, 0.5×109 L-1 and to minimal value)  

ARS grade largely reflects a patient's overall clinical status than the depth of 
hemopoiesis injury. The value of granulo- and thrombocytopenia in ARS survivors of the 
same grade could vary both during cytopenia rising and the recovery of these cells count 
in peripheral blood. The deeper and continuously granulo- and thrombocytopenia was the 
stronger radiation injury of hemopoiesis, and vice versa. Therefore the quantitative 
characteristics of cytopenia, which is per se a deficit of peripheral blood cells caused by 
radiosensitive cell loss, may be used for estimation of hematopoiesis radiation injury. 

For this purpose hemograms of 65 ARS survivors was analyzed to determine overall 
granulocytes and thrombocytes deficit in peripheral blood from the 10th till 55th days after 
exposure. The choice of such time interval are explained by several reasons: first, not all 
victims visit hospitals or out-patient departments after radiation exposure right away and 
are examined by physician (as it was during the Chernobyl accident); second, before the 
10th day the great possibility of granulocytes abortive elevation exists in patients suffered 
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from ARS grade 1 or 2; third, in the case of successful clinical outcome and hemopoiesis 
recovery the majority of patients leave a hospital not later the 60th day after exposure. 

An index value, which characterizes granulocytes and thrombocytes deficit, was 
calculated on a graph that showed the dynamics of corresponding peripheral blood 
cells. This index is equal to square of figure (or several figures) that are restricted by the 
graph curve from sides and the bottom, and by straight line from the top (fig. 2). This 
line signifies the lower normal level of blood cells content, which is 2×109 L-1 for 
granulocytes and 150×109 L-1 for thrombocytes. The way of square calculation on 
graphs is described in statistical manuals (Bland 1995).  

 
 
Fig. 2. Granulocytes dynamics in patient K., who survived ARS grade 2 (Y-axis – ×109 L-1; X-axis – 
days after exposure; the blue coloured area indicates granulocytes deficit from the 10th till 55th day 
after exposure). 

A day granulocytes deficit is equal to difference between 2×109 and actual cell count 
in a litre of peripheral blood. The sum of deficit value per every day signifies the overall 
cells deficit, which is easily measured in conventional units. On the fig. 2 the blue coloured 
square means granulocytes deficit in ARS grade 2 survivor. This deficit is 60.1 units. 
Thrombocytes deficit in the same patients is equal to 3987 units (fig. 3). To do the values of 
granulocytes and thrombocytes deficit more comparable this index was divided on 100. 
Therefore the summary deficit of both blood cells is the following: 60.1 + 39.87 = 99.97 
units. 

 
 
Fig. 3. Thrombocytes dynamics in patient K., who survived ARS grade 2 (Y-axis – ×109 L-1; X-axis – 
days after exposure; the red coloured area indicates thrombocytes deficit from the 10th till 55th day 
after exposure). 
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Interrelation between summary deficit of granulocytes and thrombocytes, and 
whole-body radiation dose was analyzed and showed significant correlation measured 
by Spearman's, Pearson's and Kendall's methods (table 5). 

 
Table 5. Correlation between summary deficit of granulocytes and thrombocytes and whole-body 
radiation dose (n=66). 

Method Correlation coefficient  

Pearson 0.695 0 

Kendall 0.608 0 

Spearman 0.795 0 

 
From 65 patients with radiation doses less than 1 Gy 41 persons had repeated 

short-term episodes of granulo- and thrombocytopenia from the 10th till 55th day after 
exposure. The summary deficit of peripheral blood granulocytes and thrombocytes was 
estimated in these patients. The values of the summary deficit for ARS survivors and 
patients with doses lower 1 Gy are showed in table 6. As far as they have a high 
significance of intergroup difference it was worked out the criteria for evaluation of 
hemopoiesis radiation injury that based on the mean values of deficit indices and 
confidence intervals. Thus the summary deficit of granulocytes and thrombocytes 0-20 
units means that the hemopoiesis radiation damage could not cause ARS. The deficit 
value 21-40 units is attributed to ARS grade 1, 41-70 to ARS grade 2, 71-100 to ARS 
grade 3 and greater than 100 to ARS grade 4. 

 
Table 6. Granulocytes and thrombocytes deficit in ARS survivors and patients with radiation doses 
lower 1 Gy. 

Indices ARS 0 ARS grade1 ARS grade 2 ARS grade3 ANOVA, F (p) 

Number of patients 41 31 27 7  

Granulocytes deficit, units: 
mean ± SD 
min – max 
95% confidence interval 

 
2.1±4.3 
0-28.1 
1.8-5.0 

 
17.0±12.3 
0.2-46.2 
12.5-21.6 

 
43.8±11.3 
21.8-65.2 
39.4-48.3 

 
42.7±8.4 
31.0-57.3 
34.9-50.5 

111.3 (0) 

Thrombocytes deficit, units: 
mean ± SD 
min – max 
95% confidence interval 

 
2.2±3.4 
0-21.9 
1.4-3.0 

 
15.6±7.3 
2.1-32.3 
13.0-18.2 

 
28.2±8.3 
7.7-44.8 
24.9-31.5 

 
37.3±6.6 
28.3-46.1 
31.2-43.4 

177.3 (0) 

Summary deficit, units: 
mean ± SD 
min – max 
95% confidence interval 

 
4.3±5.8 
0-29.8 
2.9-5.7 

 
32.1±17.1 
4.5-70.1 
26.0-38.3 

 
72.0±18.0 
29.5-100.0 
64.9-79.1 

 
80.0±11.0 
66.6-91.4 
69.8-90.1 

230.0 (0) 

Discussion 
In the case of accidental irradiation of man it is not always possible to estimate 
radiation dose by the methods of physical dosimetry as well as calculate it by the way 
of experimental imitation of accidental situation. Therefore in this situation the 
preference belongs to biological dosimetry methods of dose estimation that based on 
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quantitative and qualitative homeostasis changes. Some methods as electron 
paramagnetic resonance spectrometry of teeth enamel and evaluation of stable 
chromosomal aberration in peripheral blood lymphocytes are expensive enough, require 
special equipment and take much time for analysis. In view of such circumstances 
haematological indices are used wide in clinical practice for dose determination and 
estimation of radiation injury rate. Peripheral blood analysis requires no trouble and 
biological material, as capillary or venous blood, is gotten easy. The terms of analysis 
procedure are short enough so prompt result is expectable that is very important under 
condition when ARS threatens a patient's life.  

All known hematologic indices, which are used for ARS grade estimation, can be 
divided on two groups: (1) criteria that have a diagnostic importance during the primary 
reaction or in latent period, and (2) indices that are used in the period of ARS 
manifestation.  

The first group of criteria consists of indices that based on peripheral blood 
lymphocytes and leukocyte count during the first 10 days after irradiation. However the 
methods accuracy is under doubt. Thus according to L. Suvorova et al. (1991), ARS 
grade, which was determined by blood lymphocytes count between the 3rd and 6th day 
after the irradiation, had true prognosis in 50% of cases. Our results proved this data. 
The percentage of patients with false ARS grade, which had been diagnosed by 
leukocytes count, was 58%. When both lymphocytes and leukocytes count was used, 
not more severe ARS grade but slighter grade was mistakably diagnosed. This means 
that some patients, who will demonstrate the haematological signs of ARS (based on 
granulocytes and thrombocytes count) 20-30 days after irradiation, during first decade 
remains without the true diagnosis. 

During the period of ARS clinical manifestation peripheral blood leukocytes and 
thrombocytes count is the main diagnostic criteria of this disease and the basis of it 
classification (Yarmonenko et al. 2004). According to this grading leukocytes fall to 
3-1.5×109, 1.5-0.5×109, 0.5-0.1×109 L-1 and 0, and thrombocytes fall to 40-100×109, 
20-40×109, 10-30×109 L-1 and 0 corresponds to 1, 2, 3  4 ARS grades. However these 
criteria are not early ones due to they are applicable only on a peak of ARS clinical 
symptoms.  

Other authors (Anno et al. 1989) suggested to be guided by following levels of 
granulocytes and thrombocytes count: the doses 1-2 Gy cause granulocytes fall up to 
2-4.5×109 and thrombocytes one to 80-180×109 L-1, 2-3.5 Gy to 0.5×109 and 
80×109 L-1, respectively; the doses 3.5-5.5 Gy and higher result in the cells drop till 
zero. 

Other method of dose estimation starting from 1 Gy are based on nomographic 
chart consisting of several curves of neutrophils and thrombocytes dynamics from the 
beginning of irradiation till the 60th day (Gus'kova et al. 1987, 1989). The advantage of 
this method is a dose evaluation on ARS early stage. However the dose that is 
determined by neutrophils count on the first days after irradiation not always coincides 
with ones estimated by thrombocytes count, and differs from the dose that is calculated 
by these cells minimal level in peripheral blood i.e. on late stage of the disease. 

So today there are no accurate and sure methods for ARS grade and dose 
estimation due to all represented haematological criteria have two essential 
shortcomings: first, they are not designated for estimation of the dose that lower 1 Gy 
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i.e. less than ARS threshold of development; second, they do not allow to accurately 
determine ARS grade on the early stage of the disease, only on the peak of clinical 
manifestation. 

The diagnostic criteria of ARS that we suggested are based on time of 
granulocytes and thrombocytes decrease till the certain levels. These criteria have not a 
claim on high accuracy but are the still one method for ARS grade determination on the 
early stage of it development. Thus the day when granulocytes drop to 2×109 and 
thrombocytes to 100×109 L-1 lets to estimate ARS grade in the latent period of the 
disease. The day of granulocytes decrease to 1×109 or 0.5×109 and thrombocytes to 
50×109 or 30×109 L-1 falls on manifestation period.  

Estimating the state of hematopoiesis in patients, who did not suffered from ARS, 
we came to the conclusion that they had the radiation injury of hematopoietic tissue too. 
Although the threshold for ARS development is the dose 1 Gy of X-ray or gamma-
irradiation, Y. Moskalev (1991) considered that the dose 0.65-0.7 Gy is the minimal 
portion of energy that is capable of damage blood stem cells. Other authors (Neumann 
et al. 1981; Uckun et al. 1989) thought that D0 for a pluripotent stem cell 
(CFU-GEMM) varies from 0.54 till 0.94 Gy. Radiosensitivity of progenitors of 
different lineages (granulo-, mono-, and erythrocytopoiesis) is slightly less than the 
blood stem cell but nevertheless their threshold does not exceed 1 Gy. 

G. Gruzdev (1988) showed that starting from the whole-body exposure of 0.5 Gy 
signs of bone marrow injury in man appear but haematological indices slightly deviate 
from normal values. This injury is not enough for clinical manifestation of radiation 
bone marrow syndrome. Our data confirms this statement. Thus from 65 patients with 
radiation doses lower 1 Gy 41 persons had granulocytes and thrombocytes dynamics 
that was not corresponded to typical ARS haematological picture but these patients 
demonstrated transient (single or repeatable) episodes of granulo- and 
thrombocytopenia. No one known haematological criterion is enabled to estimate 
neither the radiation dose nor severity of bone marrow injury for these people. 

The methods of hematopoiesis radiation injury based on estimation of 
granulocytes and thrombocytes deficit was applied to a patient who had been irradiated 
in dose 0.3 Gy (fig. 4). Granulocytes deficit was 6.8 units and thrombocytes one 8.5 
units. So the summary deficit was 15.3 units what is less than lower level of ARS grade 
1. Therefore this method is applicable not only for ARS survivors but for persons who 
are undergone to irradiation in dose range lower 1 Gy. It is only the obligatory 
condition that blood analysis should be done regularly for not to miss cytopenia 
episodes. 

Conclusions 
It was worked out the two new types of haematological criteria for estimation of radiation 
injury rate in man. They are based on changes of peripheral blood granulocytes and 
thrombocytes count after the exposure. The first method enables to determine ARS grade 
(the rate of severity) in latent period and during manifestation of disease. Its main 
advantage is the enhancement of possibility to diagnose ARS grade on the early stage of 
the disease not excluding the other similar methods but together with them. 

The second criterion is not applicable for early ARS diagnosis but gives the 
possibility to estimate the rate of hemopoiesis radiation injury both in ARS survivors 
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and persons who were irradiated in doses lower 1 Gy and had transient granulo- and 
thrombocytopenia.  

 

    
 
Fig. 4. Dynamics of granulocytes (left) and thrombocytes (right) in patient B. with whole-body 
radiation dose 0.3 Gy (conventional signs the same as on fig. 2 and 3) 
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Abstract  
Despite protection means implemented in the nuclear industry, some internal 
contamination cases of workers by actinides such as uranium may occur either by 
inhalation, ingestion or penetration through wounds or intact skin. In case of cutaneous 
contamination, no specific emergency treatment exists although it may induce a high 
internal exposure of contaminated individuals. In this context, we have developed a new 
topical pharmaceutical form dedicated to emergency treatment of uranium skin 
contamination. In this order, we have decided to take advantage of the particular 
chelation properties of calixarene molecules developed in our laboratory for bioassay 
analyses purpose. The objective of the present work is to integrate calixarene molecules 
in a topical form for uranium skin decontamination. We have thus developed an oil in 
water (O/W) nanoemulsion containing these calixarene molecules. The physico-
chemical properties of this nanoemulsion have been characterized and its efficiency for 
uranium extraction has been evaluated by in vitro and ex vivo experiments. 

The characterization of the calixarene nanoemulsion has been performed by oily 
droplets size, zeta potential and pH measurements, as a function of calixarene 
concentration. The results suggest that calixarene molecules are present at the surface of 
the oily droplets. Thus, calixarene molecules are potentially available to trap uranyl ions 
present in an aqueous contaminated solution. This was confirmed by the in vitro 
evaluation of the calixarene nanoemulsion efficiency by ultrafiltration techniques. 
Indeed, more than 80% of uranium can be extracted by the calixarene nanoemulsion 
from an aqueous contaminated solution in optimized experimental conditions (pH, 
volumes and calixarene:uranium stoechiometry). Then, uranium percutaneous diffusion 
kinetics over 24 hours experiments, on intact or excoriated pig ear skin samples using 
Franz cells system, have shown that the application of the calixarene nanoemulsion 
immediately after the contamination quantitatively (98%) inhibits the uranium 
cutaneous transfer. Concurrent analysis of uranium distribution in skin samples by 
SIMS technique showed no significant accumulation of uranium or calixarene-uranium 
complex through the different layers of the skin, except within the stratum corneum in 
case of intact and non treated skin. A delayed application of the calixarène 
nanoemulsion (5 min, 15 min or 30 min) after the contamination on excoriated skin 

Third European IRPA Congress 2010, Helsinki, Finland

S13 S13-05

S13-05



2061

Session 13: Medical response in radiation accidents – Oral presentations
Bouvier-Capely, Céline et al.
Calixarene nanoemulsion: a new treatment for uranium skin contamination

samples is still efficient since uranium transfer is reduced by up to 75%. Thus, for 
optimal efficiency, the treatments should be applied the fastest after the contamination. 

In conclusion, this study has successfully demonstrated the efficiency of the 
calixarene nanoemulsion constituting a promising system to treat uranium contaminated 
skin.  

Introduction 
Internal contamination of power plants workers by actinides may occur by inhalation, 
ingestion or penetration through wounds or intact skin. Although the most current 
contamination pathway is inhalation (Gerber and Thomas 1992), the contamination 
through intact or wounded skins is still a big concern, since it may induce a high 
internal exposure of contaminated individuals after translocation of the radionuclides 
from the contamination site into the body (De Rey et al. 1983, Lopez et al. 2000, Petitot 
et al. 2004, Petitot, Frelon et al. 2007, Petitot, Gautier et al. 2007). The current medical 
care in case of skin contamination only occurs after transfer of the victim to the medical 
unit of the nuclear site and it only consists in local decontamination of the wound by 
rinsing with soaped water or a 25% calcic salt of diethylene triamine pentaacetic acid 
(Ca-DTPA) solution. This procedure is often followed by a decorporation treatment 
with intravenous injection of 1 g of Ca-DTPA in 4 mL (ASN 2008) to reduce the risks 
of tissue damage and induction of cancer. A surgical excision of the contaminated 
tissues can be needed in order to remove residual radionuclides and prevent their 
penetration into the body (Gerber and Thomas 1992, Bailey et al. 2003). Nevertheless, 
Ca-DTPA exhibiting a lack of selectivity and affinity for uranium in biological 
medium, these procedures are ineffective in case of uranium contamination that may 
induce strong kidney toxicity (Lopez et al. 2000, Métivier 2001). Some chelating agents 
more specific to uranium have been developed in order to decorporate uranium from the 
body (Durbin 2008). Except the biphosphonate molecule series (Houpert et al. 2004, 
Yang, et al. 2005, Xu et al. 2008), none of those chelating agents have been used in 
pharmaceutical forms dedicated to skin decontamination. In addition, the specific 
uranium chelation by the biphosphonate molecules within the proposed formulations 
has not been demonstrated. 

In this context, we have developed a new topical pharmaceutical form dedicated 
to emergency treatment of uranium skin contamination. We have taken advantage of the 
particular chelation properties of a calixarene molecule (Fig. 1) developed in our 
laboratory for radiotoxicological analyses purpose. The selectivity, affinity and 
extraction efficiency of uranium present in trace in biological media by this calixarene 
have been successfully shown in previous works (Boulet et al. 2006). The objective of 
the present study is to integrate these calixarene molecules in a topical form for skin 
decontamination. We have thus developed an oil in water (O/W) nanoemulsion 
displaying calixarene molecules at the interface between the oily and external aqueous 
phase. The physicochemical properties of this nanoemulsion have been characterized 
and its efficiency for uranium extraction has been evaluated in vitro by using an adapted 
ultrafiltration method and ex vivo with first experiments on intact and excoriated pig ear 
skin explants in Franz diffusion cells. 
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Material and methods 

Materials 
Calixarene molecule (Fig. 1) was synthesized as described in the patent (Duval et al. 
2006). Other compounds used for preparing calixarene nanoemulsions were paraffin oil 
(d = 0.86), (VWR, Fontenay-sous-Bois, France), non ionic surfactants sorbitan 
monooleate (Span® 80) and polyoxyethylene glycol sorbitan monooleate (Tween® 80), 
purchased from Sigma-Aldrich (Saint-Quentin-Fallavier, France) and water obtained 
from a Milli-Q® Synergy 185 water purification system (Millipore, Saint-Quentin-en-
Yvelines, France). 

Uranium-contaminated solutions were prepared by diluting a standard depleted 
uranium solution (1,000 mg.L-1 in 2% HNO3, SPEX Certiprep, Horiba Jobin Yvon, 
Longjumeaux, France). The pH of the contaminated solutions was adjusted to 5 with 
0.01 M acetate buffer. A bismuth (209Bi) stock standard solution at 100 µg.L-1 (from a 
10 mg.L-1 single element standard, SPEX Certiprep, Horiba Jobin Yvon, Longjumeaux, 
France) and a multielemental standard solution containing depleted uranium at 1 µg.L-1 
(from a 10 mg.L-1 tuning solution SPEX Certiprep, Horiba Jobin Yvon, Longjumeaux, 
France) were prepared in 2% HNO3 (from a 67% HNO3 stock solution, Normatom, 
VWR, Fontenay-sous-Bois, France) for Inductively Coupled Mass Spectrometry (ICP-
MS) measurements. All reagents were used as received without any further purification. 
Pig ears used in Franz cell diffusion experiments were purchased from Guy Harang 
abattoir (France) with the authorization of the French Departmental Directorate of 
Veterinary Services of Hauts-de-Seine. Pig ears were stored at -20°C until use. 
 
 
 
 
 
 
 
 
 
 

Fig.1. Structure of 1,3,5-OCH3-2,4,6-OCH2COOH-p-tertbutylcalix[6]arene. 

Methods 

Preparation and characterization of calixarene nanoémulsions 
Oil in water calixarene nanoemulsions were prepared by the emulsion inversion point 
method as previously described (Spagnul et al. 2010). The amounts of surfactants, oil 
and water were respectively 5%, 20% and 75% (w/w). The dispersed oil droplet size 
and zeta potential were both measured with a Nanosizer/Zetasizer® ZS apparatus 
(Malvern Instruments, Worcestershire, U.K.), and pH measurements were carried out 
with a MeterLab/pH M240 pH-meter (Radiometer Copenhagen, Denmark). These 
parameters were determined as a function of the calixarene concentration in the 
nanoemulsion. 
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In vitro calixarene nanoemulsion efficiency study 
Equal volumes of uranium-contaminated solution (40 µg.L-1, pH 5) and calixarene 
loaded nanoemulsion (2 mg.g-1) were mixed and the mixture was kept under static 
condition during definite times. Aliquots of the mixture were put into Microcon® 
centrifugal filter devices (3,000 Da, Millipore, Saint-Quentin-en-Yvelines, France) and 
centrifuged at 6,000 rpm for 30 minutes at 20°C. The uranium extraction by the 
calixarene nanoemulsion was determined by quantifying free uranium present in the 
aqueous filtrate phase recovered by ultrafiltration-ultracentrifugation of the mixture 
using Inductively Coupled Mass Spectrometry (ICP-MS) technique (Spagnul et al. 
2010). 

Ex vivo calixarene nanoemulsion efficiency study on pig ear skin explants 
The diffusion kinetics of uranium through intact and wounded skins was studied after 
application or no application of the calixarene nanoemulsion treatment in Franz 
diffusion cell assays using MicroettePlusTM apparatus (Hanson Research Corp., 
Chatsworth, California, USA). Full thickness skin pieces were removed from pig ears 
and wound was generated by removing the stratum corneum of the skin by tape 
stripping using 60 standard D-Squame® discs (Monaderme®, Monaco) pressed onto 
the skin using a D-Squame® applicator that provides a constant 150 g cm-2 pressure 
(Monaderme®, Monaco). Each skin sample was put on receptor compartment of the 
diffusion cell, its dermal face in contact with a 0.025 M carbonate buffer receptor 
medium (Sigma-Aldrich Saint-Quentin-Fallavier, France), covered with the donor 
compartment and the whole device was fixed with a clamp. The contamination was 
made by depositing 600 µL of a 10 mg.L-1 uranyl nitrate solution at pH 5 on the skin 
sample in the donor compartment of the Franz diffusion cell. Skin decontamination was 
evaluated by depositing 600 µL of 4 mg.g-1 calixarene nanoemulsion in the donor 
compartment immediately after the skin contamination. The dosage form was also 
applied 5, 15 and 30 minutes after the skin contamination step on excoriated 
contaminated skin samples. 24 hours later, uranium diffusion was then evaluated by 
uranium quantification in the receptor fluid. The Receptor medium was kept under 
stirring and at the constant temperature of (33.5 ± 0.1)°C during the experiment. All 
experiments were conducted under occlusive conditions. 

ICP-MS uranium analysis 
Quantification of 238U content in the aqueous samples was made by ICP-MS 
measurements using optimized protocols originally designed for human urine samples: 
aliquots were properly diluted in 2% HNO3 and 209Bi was added as internal standard at 
1 µg.L-1 (Baglan et al. 1999, Bouvier-Capely et al. 2003, Bouvier-Capely et al. 2004). 
As diluted solutions were prepared by weighing, the related uncertainties can be 
neglected compared to the statistical ones. The combination of the statistical errors was 
made using the conventional law of uncertainty propagation. The ICP-MS signal was 
optimized at mass 238 before each measurement series. 

Localisation of uranium in skin biopsies by SIMS microscopy 
At the end of the 24 hours Franz cell diffusion experiments, skin biopsies were 
thoroughly rinsed with water and fixed in a solution containing 6% glutaraldehyde in a 
sodium cacodylate buffer at 4°C during one day. Skin samples were then dehydrated in 
various propylene oxide and ethanol baths, permeated with a propylene oxide/Epon 
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mixture and then embedded in pure EPON-type resin. Skin sections (0.9 µm) of 
embedded samples were cut and laid on silicium or gold holders for SIMS (Secondary 
Ion Mass Spectrometry) analysis. The SIMS microscopy, which allows the elemental 
and isotopic analysis of a solid surface, is based on the sputtering of a few atomic layers 
from the surface of a sample by O2+ primary ions beam bombardment. The ejected 
secondary ions are collected and analysed by mass spectrometry. Then, compositional 
images of the surface are formed from the secondary ions spectra. A more detailed 
description of the physical phenomenon is provided in the literature (Castaing and 
Slodzian, 1962; Tessier et al., 2009). For each skin area analysed, 40Ca+ or 23Na+ images 
gave the histological structure of the skin and 238U+ images showed uranium 
localisation within the cutaneous structures. The SIMS analyses were performed with a 
CAMECA IMS 4F-E7 instrument (Gennevilliers, France). 

Results and discussion 

Characterization of the calixarene nanoemulsion 
A previous study on the physicochemical characterization of the calixarene 
nanoemulsion showed that the oil droplet size is nearly 175 nm and decreases 
significantly (p < 0.05) to 150 nm from a calixarene concentration in the nanoemulsion 
of 2 mg g-1 (Spagnul et al. 2010). Tension measurements at the oil/water interface 
showed that calixarene molecules have surfactant properties which can explain the 
droplet size diminution after the calixarene molecules addition in the nanoemulsion. 

The zeta potential measurement of the dispersed oily droplets showed that 
increasing calixarene concentration in the nanoemulsion leads to a zeta potential 
decrease from -13 mV to -50 mV until a 4 mg g-1 calixarene concentration at which the 
zeta potential value did not change significantly from its -50 mV minimal value 
(Spagnul et al. 2010). This zeta potential decrease due to the emergence of negative 
charges at the surface of the oily droplets can be explained by the presence of 
calixarene molecules at the oil droplets surface. Indeed, the carboxylic functions of 
calixarene molecules may be partially deprotonated at the nanoemulsion aqueous phase 
pH which is about of 4.5 (Boulet 2006). 

These results tend to demonstrate that calixarene molecules are at the surface of 
the oil droplets under ionised form. Calixarene molecules are thus potentially available 
to extract uranyl ions from an aqueous uranium contaminated solution. 

In vitro evaluation of uranium extraction by the calixarene nanoemulsion 
The decontamination potential of the calixarene nanoemulsion was first evaluated by 
keeping under static contact a mixture of equal volumes of 2 mg.g-1 calixarene loaded 
nanoemulsion with a 40 µg.L-1 nitrate uranyl solution at pH 5, ensuring a 10,000-fold 
calixarene molar excess. The extraction ability of the calixarene nanoemulsion was 
compared to that of a solution of calixarene in paraffin oil in the same conditions of 
calixarene excess (molar ratio calixarene/uranium = 10,000). The results presented in 
Table 1 indicate that the calixarene nanoemulsion is able to extract (83.4 ± 0.6)% of 
uranium of the contamination solution after only 5 minutes of contact (total contact 
time of 35 minutes after ultrafiltration) and the optimum of uranium extraction is 
quickly achieved. The presence of calixarene in the nanoemulsion is itself largely 
responsible for the extraction ability as the nanoemulsion without calixarene extracts 
only about 20% of uranium at equilibrium. The use of a more simple galenic form 
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consisting in a solution of calixarene in paraffin oil only allows the extraction of ~7% of 
uranium from the contaminated solution. This last result shows that the emulsified 
system ensures a high uranium extraction yield due to the larger oil/water interfacial 
contact. The calixarene nanoemulsion form seems thus to be well suited for the 
decontamination of an aqueous solution contaminated by uranium. 
 
Table 1. Uranium extraction (%) by paraffin oil and nanoemulsion in presence or not of calixarene, 
as a function of contact time between uranium solution and nanoemulsion or paraffin oil, in static 
conditions. 
 

 U extraction (%) 

Contact time Calixarene loaded 
Nanoemulsion 

Nanoemulsion  
without calixarene 

Calixarene in 
paraffin oil 

5 min 83.4 ± 0.6 23.2 ± 0.8 - 

1 hour 87.4 ± 0.7 16.7 ± 4.9 7.0 ± 0.9 

4 hours 80.0 ± 3.9 25.3 ± 8.8 8.3 ± 0.3 

Ex vivo evaluation of uranium extraction by the calixarene nanoemulsion 
From the good uranium extraction yields obtained by the calixarene nanoemulsion in 
the previous in vitro tests, the calixarene nanoemulsion extraction efficiency for skin 
decontamination was evaluated. A 4 mg.g-1 calixarene loaded nanoemulsion was 
deposited in the donor compartment of the Franz diffusion cells on pig ear skin explants 
immediately after a contamination with a 10 mg.L-1 uranyl nitrate solution. A 
concentration of 4 mg.g-1 of calixarene in the nanoemulsion was chosen in order to 
allow an excess of calixarene molecules compared to uranium ions (molar ratio 
calixarene/uranium = 80) and ensure a good uranium extraction. The uranium diffusion 
through the skin was followed during 24 hours under occlusive conditions and as a 
function of the application or no application of the calixarene nanoemulsion 
immediately after the contamination. The results obtained on intact skin 24 hours after 
the contamination are presented in Fig. 2-A. Intact skin seems to be a good barrier 
against uranium penetration as only 0.026 ± 0.006 % of the deposited uranium diffused 
through the skin 24 hours after the contamination. The application of the calixarene 
nanoemulsion immediately after the contamination allowed an uranium diffusion 
decrease of (98.4 ± 5.3)%. A reduction of uranium diffusion is also observed after 
application of nanoemulsion without calixarene, which can be partly explained by the 
dilution effect of the contaminated solution with the nanoemulsion aqueous phase and 
by the electrostatic interactions between uranium ions and the surfactants. 
At the issue of the 24 hours Franz cell diffusion experiments, intact skin biopsies were 
analysed by SIMS microscopy (Fig. 2-B). The images and mass spectra showed that 
after the application of the calixarene nanoemulsion on uranium contaminated skin 
explants, uranium was no more significantly detected in skin structures whereas the 
radionuclide is significantly retained in the stratum corneum layer of the epidermis 
without treatment (Fig. 2-B) or after application of the nanoemulsion without calixarene 
(not shown) . 
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Fig.2. (A) Uranium percutaneous diffusion kinetics through intact skin in absence of treatment (   ) 
or after application of nanoemulsion without (   ) or with 4mg.g-1 calixarene (   ). The treatment was 
applied immediately after the contamination step and the percentage of initially deposited uranium 
that diffused through intact skin biopsies was recorded during 24 hours. Each point corresponds 
to the mean of 10 assays ± standard deviation.  
(B) Ionic images and corresponding mass spectra of intact skin biopsies without treatment (up) 
and immediately treated after the contamination step  by calixarene nanoemulsion (down). Biopsy 
was analysed by SIMS 24 hours after the beginning of Franz cell experiments. In the ionic image, 
238U+ image (red) was superposed to 23Na+ (green) image (200 µm x 200 µm image field). 

In the case of excoriated contaminated skin (Fig. 3-A), (44.3 ± 6.4)% of the 
deposited uranium diffused through the skin, which is significantly higher than what 
was observed for intact skin. The prompt application of the calixarene nanoemulsion 
treatment conducted to an uranium diffusion decrease of (97.7 ± 0.8)% after 24 hours. 
The calixarene nanoemulsion is thus still efficient in case of contaminated wounds. 

After 24 hours of Franz cell diffusion experiments, SIMS images and mass 
spectra showed that no significant uranium accumulation was detected in the excoriated 
skin structures after the application of nanoemulsion with calixarene on contaminated 
excoriated skins (Fig. 3-B). Uranium traces were found to be retained in the areas where 
a few residual stratum corneum layers remained after the tape stripping step.  
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Fig.3. (A) Uranium percutaneous diffusion kinetics through excoriated skin in absence of 
treatment (   ) or after application of nanoemulsion without (   ) or with 4mg.g-1 calixarene (   ). The 
treatment was applied immediately after the contamination step and the percentage of initially 
deposited uranium that diffused through intact skin biopsies was recorded during 24 hours. Each 
point corresponds to the mean of 10 assays ± standard deviation.  
(B) SIMS mass spectrum and ionic image of excoriated contaminated skin biopsy treated 
immediately after the contamination step by calixarène nanoemulsion. Biopsy was analysed by 
SIMS 24 hours after the beginning of Franz cell experiments. In the ionic image, 238U+ image (red) 
was superposed to 23Na+ (green) image (200 µm x 200 µm image field). 

The effect of time elapsed between the skin contamination by uranium and the 
application of the treatment on the uranium diffusion kinetics was studied on excoriated 
contaminated skin by delaying the application of the calixarene nanoemulsion by 5, 15 
and 30 minutes. As illustrated in figure 4, uranium diffusion kinetics was roughly the 
same when the calixarene nanoemulsion was applied 5, 15 or 30 minutes after the 
contamination step. In these three cases, the calixarene nanoemulsion allowed a 3.5-fold 
uranium diffusion percentage decrease after 24 hours as compared to the absence of 
treatment: indeed, 11.55±2.79% in average of deposited uranium diffused 
after 24h (Fig. 4). Thus calixarene nanoemulsion is less efficient in case of delayed 
application but still allows a very significant uranium diffusion decrease as compared to 
the absence of treatment application. This reduction of efficiency being approximately 
the same whatever the delay of application (5 to 30 minutes), we assume that a part of 
the deposited uranium fastly penetrates in the upper excoriated skin structures, saturates 
them and then diffused passively through the skin to later reach the receptor medium. 
Experiments are in progress to better understand this phenomenon. From these results, 
it appears that it is preferable to treat the cutaneous contamination as soon as possible to 
ensure an optimal decontamination efficiency of the calixarene nanoemulsion. 
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Fig. 4. Uranium percutaneous diffusion kinetics through excoriated skin in absence of 
treatment (  ) and after immediate (   ) application or 5 minutes (   ), 15 minutes (   ) and 30 minutes ( 
) delayed application of calixarene nanoemulsion. The percentage of initially deposited uranium 
that diffused through excoriated skin biopsies was recorded during 24 hours. Each point 
corresponds to the mean of 10 assays ± standard deviation. 

Conclusions 
In summary, our study demonstrates that the calixarene nanoemulsion allows 
decreasing almost quantitatively uranium percutaneous diffusion by trapping and 
retaining uranyl ions at the surface of the skin. This patented formulation (Bouvier-
Capely et al., 2008) thus constitutes a promising therapeutic approach for the local 
treatment of intact and wounded skin contaminated by transferable uranium 
compounds. For optimal efficiency, the treatment should be applied as fast as possible 
after the contamination. As the calixarene molecules used in this study also efficiently 
chelate other actinides, we planned to evaluate the calixarene nanoemulsion efficiency 
on skin contaminated by other actinides such as plutonium and americium and to 
perform in vivo studies. 

References 
ASN (French Nuclear Safety Authority). ”National guide : Medical intervention in case 

of nuclear or radiological event” 2008; V3.6. 
Baglan N, Cossonnet C, Trompier F, Ritt J, Berard P. Implementation of ICP-MS 

protocols for uranium urinary measurements in worker monitoring. Health 
Physics 1999; 77: 455-461. 

Bailey BR, Eckerman KF, Townsend LW. An analysis of a puncture wound case with 
medical intervention. Radiat Prot Dosimetry 2003; 105: 509-512. 

Boulet B. Extraction sélective des actinides par les calixarènes. Application à l'analyse 
radiotoxicologique. PhD thesis 2006; Université Paris VI, France. 

Boulet B, Bouvier-Capely C, Cossonnet C, Cote G. Solvent extraction of U(VI) by 
calix[6]arenes. Solvent Extraction and Ion Exchange 2006; 24: 319-330. 

Bouvier-Capely C, Baglan N, Montegue A, Ritt J, Cossonnet C. Validation of uranium 
determination in urine by ICP-MS. Health Phys 2003; 85: 216-9. 

0 4 8 12 16 20 24
0

10

20

30

40

50

5 min

15 min
30 min

0 min

without treatment

Time (h)

% 
of

 U
 d

if
fu

se
d 

th
ro

ug
h 

sk
in

Third European IRPA Congress 2010, Helsinki, Finland

S13 S13-05



2069

Session 13: Medical response in radiation accidents – Oral presentations
Bouvier-Capely, Céline et al.
Calixarene nanoemulsion: a new treatment for uranium skin contamination

Bouvier-Capely C, Fattal E, Phan G, Rebière F, Spagnul A. Formulations 
pharmaceutiques de molécules de calix[6]arènes pour le traitement de 
contaminations cutanées par des actinides. French Patent. 2008; FR-08/58703. 

Bouvier-Capely C, Ritt J, Baglan N, Cossonnet C. Potentialities of mass spectrometry 
(ICP-MS) for actinides determination in urine. Applied Radiation and Isotopes 
2004; 60: 629-633. 

Castaing R, Slodzian G. Microanalyse par émission ionique secondaire. Journal de 
Microscopie 1962; 1:395-410. 

De Rey BM, Lanfranchi HE, Cabrini RL. Percutaneous absorption of uranium 
compounds. Environmental Research 1983; 30: 480-491. 

Durbin PW. Lauriston S. Taylor Lecture: the quest for therapeutic actinide chelators. 
Health physics 2008; 95: 465-492. 

Duval R, Cossonnet C, Bouvier-Capely C, Le Strat C, Boulet B, Chelator. Institut de 
radioprotection et de sûreté nucléaire. Para-tertio-butylcali(6)arene portant des 
fonctions triacides en positions 2, 4 et 6, membranes liquides supportées et 
matériaux supports les comportant et leurs utilisations. French Patent. 2006; FR 
2006 / 001105. 

Gerber GB, Thomas RG. Internal radionuclide contamination guidebook. Radiation 
Protection Dosimetry 1992; 41: 1-49. 

Houpert P, Chazel V, Paquet F. A local approach to reduce industrial uranium wound 
contamination in rats. Can J Physiol Pharmacol 2004; 82: 73-8. 

Lopez R, Diaz Sylvester PL, Ubios AM, Cabrini RL. Percutaneous toxicity of uranyl 
nitrate: its effect in terms of exposure area and time. Health Phys 2000; 78: 434-7. 

Métivier H. L'uranium de l'environnement à l'Homme. Les Ulis: EDP Sciences; 2001. 
Petitot F, Frelon S, Moreels AM, Claraz M, Delissen O, Tourlonias E, Dhieux B, 

Maubert C, Paquet F. Incorporation and distribution of uranium in rats after a 
contamination on intact or wounded skin. Health Physics 2007; 92: 464-474. 

Petitot F, Gautier C, Moreels AM, Frelon S, Paquet F. Percutaneous penetration of 
uranium in rats after a contamination on intact or wounded skin. Radiation 
protection dosimetry 2007; 127: 125-130. 

Petitot F, Moreels AM, Paquet F. In vitro evaluation of percutaneous diffusion of uranyl 
nitrate through intact or excoriated skin of rat and pig. Can J Physiol Pharmacol 
2004; 82: 133-9. 

Spagnul A, Bouvier-Capely C, Phan G, Rebière F, Fattal E. Design of a calixarene-
entrapped nanoemulsion for the extraction of uranium in biological media. Journal 
of Pharmaceutical Sciences 2010; 99: 1375-1383. 

Tessier C, Suhard D, Simon O, Floriani M, Rebière F, Jourdain JR. Detection and 
analysis of the microdistribution of uranium in the gills of freshwater Corbicula 
fluminea by SIMS technique. Nuclear Instruments and Methods in Physics 
Research, Section B: Beam Interactions with Materials and Atoms 2009; 
267:1931-1935. 

Xu K, Ge W, Liang G, Wang L, Yang Z, Wang Q, Hsing IM, Xu B. Bisphosphonate-
containing supramolecular hydrogels for topical decorporation of uranium-
contaminated wounds in mice. International Journal of Radiation Biology 2008; 
84: 353-362. 

Yang Z, Xu K, Wang L, Gu H, Wei H, Zhang M, Xu B. Self-assembly of small 
molecules affords multifunctional supramolecular hydrogels for topically treating 
simulated uranium wounds. Chemical Communications 2005; 4414-4416. 

Third European IRPA Congress 2010, Helsinki, Finland

S13 S13-05



2070

Session 13: Medical response in radiation accidents  
Oral presentations

Premature chromosome condensation (PCC) assay 
for dose assessment in large radiological accidents 

Lindholm, Carita1; Stricklin , Daniela2; Jaworska, Alicja3; Koivistoinen , Armi1;  
Paile, Wendla1; Arvidsson, Eva2; Deperas-Standylo, Joanna4; Wojcik, Andrzej5 
1 Radiation and Nuclear Safety Authority, STUK, FINLAND;  
2 Swedish Defence Research Agency, FOI, SWEDEN;  
3 Norwegian Radiation Protection Authority, NRPA, NORWAY;  
4 Joint Institute for Nuclear Research, RUSSIAN FEDERATION;  
5 Stockholm University, SWEDEN    
     

Abstract 
A dose calibration curve for a practical PCC-ring assay was established and applied in a 
simulated, mass casualty accident. The PCC assay was validated against the 
conventional dicentric assay. A linear relationship was established for PCC rings after 
Co-60 irradiation with doses up to 20 Gy. In the simulated accident experiment, 62 
blood samples were analysed with both the PCC ring and the conventional dicentric 
assay, applying a triage approach allowing crude dose estimate through analysis of a 
relatively small number of cells. Samples received various uniform and non-uniform 
(10-40% partial body) irradiations up to doses of 13 Gy. The results indicated that both 
assays yielded good dose estimates for the whole body exposure scenario, although in 
the lower dose range (0-5 Gy) dicentric scoring resulted in more accurate whole-body 
estimates, whereas PCC rings were better in the high-dose range (above 8 Gy). Both 
assays succeeded poorly in identifying partial body exposures, most likely due to the 
low numbers of cells scored in the triage mode. In conclusion, the study confirmed that 
the PCC ring assay is suitable for use as a biodosimeter following whole-body exposure 
to high doses of radiation. However, there are limitations for its use in the triage of 
people exposed to high, partial body doses.  

Introduction 
Several markers of exposure are available for biological dosimetry purposes. The 
dicentric assay is generally considered to be the gold standard of biodosimetric methods 
(Blakeley et al. 2005). The assay can be applied for dose estimation after whole- and 
partial-body exposure. The disadvantages of the dicentric assay are the time consuming 
and technically demanding analyses and limitations in assessing doses in excess of 
about 5–8 Gy due to impaired cell proliferation (Sasaki and Norman, 1966).  

Impaired cell proliferation after high-dose exposures can be circumvented by the 
method of premature chromosome condensation (PCC). The original PCC technique is 

Third European IRPA Congress 2010, Helsinki, Finland

S13 S13-06

S13-06



2071

Session 13: Medical response in radiation accidents – Oral presentations
Lindholm, Carita et al.
Premature chromosome condensation (PCC) assay for dose assessment in large radiological accidents

based on fusion of interphase lymphocytes with mitotic cells (Waldren and Johnson, 
1974; Hittelman and Rao, 1974; Pantelias and Maillie 1983). Later it was discovered 
that PCC could be induced in G2-phase lymphocytes with the help of Calyculin A or 
okadaic acid— both phosphatase inhibitors. Kanda et al. (1999) suggested scoring PCC 
rings for the purpose of biological dosimetry after high doses of radiation. They 
obtained a good dose–response curve for PCC rings in the dose range up to 20 Gy of X 
rays. Similar results were reported by Lamadrid et al. (2007).  

In large radiological accidents, fast and reliable dose assessment may be crucial 
for early decision of medical care and methods providing reliable triage method for 
assessing exposed and nonexposed people are needed. To increase the throughput of the 
dicentric assay, Lloyd et al. (2000) suggested a triage approach in which a reduced 
number of cells would be scored. For a whole-body exposure up to a dose of 8 Gy, they 
obtained a satisfactory result from scoring 20 metaphases per subject. After partial-body 
exposure with irradiated fractions in the range of 50–97%, a satisfactory result was 
obtained when 50 cells per subject were analyzed. In a mass casualty accident, people 
may be exposed to doses in excess of 5–8 Gy. One possible scenario is that of a very 
strong -ray source (for example, a source used for industrial radiography) hidden 
below a seat of a public transport vehicle. For highly exposed individuals, the dicentric 
assay may fail due to impaired division of lymphocytes. Thus there is a need to validate 
the PPC method for such exposure scenarios to cover the range of potential exposures. 

In the present study, we have established a PCC ring calibration curve for -
radiation validated it for use in a mass casualty accident. The validation was conducted 
by comparison to the dicentric method in a triage exercise that simulated an accident 
scenario involving a large number of casualties. Each case obtained an individual 
uniform or non-uniform irradiation.  

Material and methods 

PCC and dicentric dose response curves  
Whole blood was irradiated with the following doses: 0, 1, 2.5, 5, 10, 15, and 20 Gy. 
All irradiations were performed with a 60Co gamma source at 0.3 Gy/ min in a water 
bath with a fixed temperature of 37 ºC. The blood samples were further incubated for 2 
hours at 37 C to allow for repair of DNA damage before lymphocytes were isolated. 
The dicentric dose response curves used in this study were developed previously in 
STUK (Lindholm et al. 1998) and FOI + NRPA (Stricklin et al. 2005).  

Simulation of mass casualty accident scenario 
A scenario of malevolent use of radiation was simulated by in vitro irradiation of blood 
samples. The simulation of doses was planned by a third party. The scenario was based 
on the assumption that a very strong gamma source had been hidden in a public 
transport vehicle, giving rise to a dose rate of 20 Gy/h close to the source and 2 Gy/h at 
5 m distance. In this scenario, 62 persons with clinical symptoms and potential 
exposure were evaluated. Specifically, 62 blood samples were exposed to different 
doses at STUK, using the same irradiation conditions as described above. For the 
purpose of the simulated scenario, blood samples were collected from 14 volunteer 
donors in compliance with institutional guidelines for research on human samples. 
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Forty four samples were exposed in a homogeneous manner (simulation of whole body 
exposure) to the following doses (numbers of exposed cases are given in parentheses): 
0.0 (7), 0.4 (3), 0.8 (2), 1.2 (3), 1.6 (2), 2.1 (3), 2.7 (2), 3.2 (3), 3.6 (2), 4.4 (2), 4.9 (3), 
5.7 (3), 6.2 (2), 7.0 (2), 8.0 (1), 9.0 (1), 10.0 (2), 13.0 (1). 18 samples were irradiated in 
a non homogeneous manner (simulation of partial body exposure). The latter involved 
mixing of irradiated and non-irradiated blood in the following proportions (given doses 
in brackets): 10% (8, 9 and 13 Gy); 15% (7, 8, 8 and 10 Gy); 20% (9, 9, 9, 10, 13 and 
13 Gy); 25% (7 and 7 Gy); 30% (10 and 13 Gy) and 40% (7 Gy) of irradiated blood.   

Lymphocyte culture and analysis 
Lymphocytes were separated and cultured at a density of 0.5x106/ ml for successful cell 
growth. In the PCC protocol okadaic acid (final concentration 500 nM) was added for 
the last 1 hour in a 48 hour cell culture. In the dicentric assay colcemid (final 
concentration 0.2 g/ml) was added for the last 2.5 h of the 48 h cultures. Cells were 
harvested according to standard cytogenetic procedures and stained with Giemsa. 
Analysis was performed in a blind manner on coded slides. 

For all PCC analyses, fast scoring approach, ie. inclusion of intact cells without 
counting centromeres, was applied. PCC cells in any cell cycle phase were scored and 
rings were analysed irrespective of the presence of a centromere, in accordance with 
Kanda et al. (1999). Large PCC rings with either a clear open space or large spherical 
rings with a diameter greater than the width of chromosomes were scored.   

For the simulated accident scenario, the analysis of dicentric samples was 
performed according to the routine in the respective laboratory. Scoring criteria for 
dicentrics were according to IAEA (2001), ie. metaphases with 46 centromeres were 
approved, and thirty dicentrics or 50 metaphases were scored according to Lloyd et al. 
(2000). From PCC preparations, 50 rings or 300 PCC cells per sample were analysed.  

Statistical analyses, dose assessment and dose categories 
The PCC ring data was fitted by the maximum likelihood method (Papworth 1975). The 
distribution of PCC rings scored for each dose was analysed with the help of the 
software NETA, which identifies distributions as Poisson, Neyman-type A or none of 
the two (Morand et al. 2008). Appropriate confidence limits (Neymanian or Poissonian) 
for the PCC yields were also calculated using NETA.  
The calibration curve established in the current work was used to estimate the doses 
based on PCC rings. For dicentrics, each laboratory used its own calibration curve 
(Lindholm et al. 1998; Stricklin et al. 2005) that covered dose range 0-5 Gy. The fit of 
the estimated doses to the given dose was evaluated by the chi-square goodness of fit 
test. For samples irradiated in a partial body exposure scenario the dose to the exposed 
fraction of cells was calculated by the Dolphin method (IAEA 2001). No account was 
taken of the fact that, following homogeneous exposure of blood, PCC rings tend to 
show overdispersed distributions. 
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Results 
PCC ring frequencies were evaluated at both STUK and FOI for seven dose points. Full 
data of this study have been published earlier (Lindholm et al. 2010). Data from the two 
laboratories were not statistically different and were therefore pooled. The distributions 
of PCC rings were generally overdispersed, and were best fitted to Neyman type A 
distribution after doses of 5, 10 and 15 Gy. Poisson distributions were observed after 
2.5 and 20 Gy, while the distribution after 1 Gy was neither Poisson nor Neyman. The 
PCC data were fitted to a linear equation. The fit coefficients are shown in table 1, 
along with the linear-quadratic fit coefficients for dicentrics. Figure 1 demonstrates the 
linear fit of PCC rings to dose. The 1 Gy dose point, which was distinctly lower 
(marked with a square symbol in the figure) was excluded from the fit. The dose 
response of PCC rings showed a slight downward curvature at 20 Gy. The linear fit was 
chosen for practical reasons to represent the PCC ring dose relationship to be used for 
dose assessment of large scale accidents. However, it does lead to underestimation of 
dose in the dose range above 15 Gy.  

 
 

Table 1. Dose coefficients used for dose estimations. 

 Control (± S.E.) Linear coefficient (± S.E.) Quadratic coefficient (± S.E.) 

PCC rings 0.0018 ± 0.0001 0.049 ± 0.001  

Dicentrics, STUK 0.0005 ± 0.0002 0.013 ± 0.0043 0.054 ± 0.003 

Dicentrics, FOI and 
NRPA 

0.0016 ± 0.001 0.014 ± 0.006 0.065 ± 0.003 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. PCC ring data fitted to a linear model. Square symbol displays the data point at 1 Gy which 
was omitted in the fitting procedure. Error bars represent 95% confidence limits.  
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For the accident simulation exercise, estimated doses for samples of uniform 
exposures and calculated from dicentric and PCC ring frequencies are plotted against 
the given dose in Figure 2. The chi square values of the goodness of fit are 13.86 for 
dicentrics and 20.00 for PCC rings (with 41 degrees of freedom), indicating a better fit 
of the dicentric data. Triage analysis of dicentrics resulted in a better dose estimate in 
the dose range below 6 Gy which is explained by the dose range of dicentric curves that 
reaches up to only 5 Gy and dose estimates above this are extrapolations. The PCC ring 
assay resulted in a slight underestimation of doses in the range 2-6 Gy. 

 
Figure 2. Dose estimates based on dicentric and PCC ring frequencies plotted against the given 
dose for 46 samples exposed in a homogeneous manner. Solid lines represent linear fits 
(Rdicentrics = 0.73 ; RPCC rings = 1.26) to the data points. Due to overlapping, all individual plots 
can not be differentiated.  

Figure 3 demonstrates how well the triage scoring of dicentrics and PCC rings 
allowed to identify exposed and non-exposed cases. Of non-exposed samples, one case 
was missed with the dicentric assay and two cases were not correctly recognized by 
PCC rings. In the lower dose categories, the dicentric assay was more efficient in 
placing the cases into the correct category than the PCC assay. Above the dose of 6 Gy, 
PCC ring scoring was superior to dicentrics in identifying the correct category. Taking 
all dose categories into account, data from the dicentric assay were slightly albeit not 
significantly better than from the PCC assay in placing doses into the right category 
(75% vs. 59%). The same was true with respect to the 95% confidence limits: 75% for 
dicentrics vs. 64% for PCC rings. 
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Figure 3. Homogeneously exposed cases correctly estimated by dicentrics and PCC rings.  
Numbers of cases (in dark blue) where the 95% confidence limits of the dose estimate 
encompassed the given dose. 

Partial body exposure was identified by a significant overdispersion of dicentrics 
and PCC rings. Analysis of dicentrics allowed identification of 61% of cases, while 
analysis of PCC rings accommodated 56% (data not shown). There was no trend of an 
improved identification with increasing size of exposed blood fraction. Both assays 
were inefficient in estimating the given partial body doses. Also, no correlation between 
the doses estimated by the two assays was observed. 

Discussion 
The evaluation of the PCC ring assay in parallel with the dicentric method for 
feasibility in triage dose assessment demonstrated that for whole body exposure, the 
dicentric scoring resulted in somewhat more accurate estimates in the lower dose range 
(below 6 Gy), whereas PCC rings performed better in the high-dose range (above 6 
Gy). The difference is best explained by inherent characteristics of the calibration 
curves. Underestimations observed at low doses using PCC rings are most likely due to 
the sub-linear dose-response as indicated with the data obtained at 1 Gy. A more 
accurate analysis with several dose points in the low dose range would be required to 
obtain adequate calibration. The published studies of PCC ring dose-response for low 
LET radiation have not included doses below 5 Gy (Kanda et al. 1999, Lamadrid et al. 
2007), since the aim of the PCC studies is mainly to investigate high doses. The 
obvious explanation of the underestimation of high doses applying the dicentric assay 
lies in the saturation of dicentric aberrations at 8-10 Gy, caused by the inhibition of cell 
proliferation (Sasaki and Norman 1966). We observed a saturation of PCC rings at 
doses of 15 Gy and higher. A similar effect was reported by Kanda et al. (1999) but, 
interestingly, not by Lamadrid et al. (2007) who reported 2.5 times lower PCC ring 
yields than the linear coefficient obtained in our study using the same radiation quality. 
This implies that there are clear differences in scoring of PCC rings between the two 
studies, a fact that may influence the observed yield of rings at high dose range.  

An attempt was made to assess the correct placement of homogeneously irradiated 
samples in dose categories by checking if the 95% confidence limits of the dose 
estimate encompassed the given dose. Dicentric assay was superior in the categories 
spanning dose range below 6 Gy whereas PCC rings performed better in categories 
above 6 Gy.  
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Lloyd et al. (2000) also tested the efficacy of the triage dicentric assay to identify 
inhomogeneous exposure. They simulated exposure scenarios where 50 – 97 % of 
blood was irradiated. According to our accident scenario, the fraction of irradiated 
blood could be below that, and we simulated exposures where 10-40% of blood was 
irradiated. The results from this study showed that both assays, applied in triage mode, 
were not effective in identifying the exposure as partial body: only 61% of the cases 
were correctly identified by the dicentric assay and 55 % by the PCC ring assay. As a 
result, the attempt to identify the doses given to the exposed fractions of blood was not 
successful. In general, the dose was either missed completely or underestimated by the 
dicentric assay and overestimated by the PCC ring assay. Although the number of 
inhomogeneously exposed samples was very low for extensive conclusions, the results 
seem to indicate the limitation of both triage assays to detect partial body exposures 
where the fraction of irradiated blood is below 40%.  

Comparing the efficiency of two biodosimetry assays for triage purposes also 
includes the aspect of time. In the current study, scoring times were not systematically 
followed but time recording of occasional sample analyses indicated no radical 
differences in performing fast scoring to 300 PCC cells in comparison to analysis of 50 
metaphases with centromere counting. 

PCC rings demonstrated non-Poisson distribution after most of the doses in 
establishing the dose calibration curve and this observation induces problems with 
respect to identification of partial-body exposures. We think that the overdispersion of 
is due to scoring of rings in both metaphases and G2 cells. Because differentiating 
between G2 phase and early metaphase cells is often impossible, we scored PCC rings 
in cells from both phases of the cell cycle. Consequently, the yield of PCC rings 
obtained is representative for two phases of the cell cycle: the “normally damaged” 
mitotic cells and the “highly damaged” G2 cells. 

In a mass casualty accident it is essential that a fast and reliable triage method for 
crude assessment of radiation dose covering a large dose range is available. Our study 
confirmed that the PCC ring assay is suitable for use as a biodosimeter following 
whole-body exposure to high doses of radiation. However, the technique appears to 
possess limitations in the triage of people exposed to high, partial body doses.  
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Abstract 
The French Defense radiation protection service (SPRA) is located on the site of the 
Percy military hospital which is well known for the treatment of radio-contaminated 
and irradiated wounded. 

The SPRA is involved in many military and civilian training courses, especially to 
teach the principles of medical response in radiation accidents (triage of absolute and 
relative emergencies, specific technics and drugs, psychological aspects). Intervention 
in case of a radiological or nuclear event is also one of the major missions. 

First of all, the SPRA has to control all the Centers for the treatment of radio-
contaminated wounded in France (CTBRC). During the exercises performed by the 
French Navy or the Air Force (transportation of a nuclear weapon, accident on a 
ballistic missile submarine), the SPRA provides hygiene and safety support to Ministry 
of Defense and advises the headquarters. 

If necessary, the SPRA is permanently able to send, by road or by aircraft, an 
expert team and an analysis team with mobile laboratories (spectrometric and 
radiochemical analysis) in France or overseas if requested by military or civilian 
authorities. 

The SPRA has initiated for the French armed forces health service conventions 
with institutions like the French Atomic Energy Commission (CEA), EDF Group 
(Electricité De France) or the French Radiation Protection and Nuclear Safety Institute 
(IRSN) in order to supply the best medical care for an ionizing radiation victim in the 
nearest CTBRC or in the Percy military hospital.  
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Abstract  
Experiments in 316 male mice (CBA x C57Bl) F1 have shown, that consecutive 
application of indralin in a dose of 200 mg/kg 15 minutes before irradiation and 
interleukin-1  in a dose of 50 mkg / kg in 15 minutes after irradiation increases the 
survival rate of the mice irradiated in LD50-90/30 for 40-60 %, reduces the depth of 
postradiation infringements of hemopoiesis, increases proliferative activity of 
hemopoietic cells. It allows to reduce expressiveness of leuko-, lympho- and 
neutrophilopenia in early terms after irradiation and to speed up restoration of the 
contents of cells in peripheral blood. The stimulating effect of consecutive application 
of indralin and interleukin-1  is shown also in prevention of decrease in activity of 
myeloperoxydase and alkaline phosphatase, maintenance of higher level of glycogen in 
neutrophils of peripheral blood of the irradiated animals.  

Introduction 
The existing system of medical radiation protection is based on the complex of 
therapeutic and preventive arrangements aimed at the preservation of life and health of 
people exposed to ionizing radiation. Decrease in the intensity of adverse effects of 
irradiation in dangerous for human being doses is achieved by application of special 
pharmacological drugs of preventive or therapeutic action (Bump E., Malaker K. 1997; 
Kuna P. et al. 2004; Grebenyuk A. et al. 2007; Baranov A., Rozhdestvensky L. 2008). 

Indralin is one of the most effective modern radioprotectors which was 
successfully applied for protection of participants in the rectification of the 
consequences of the accident at the Chernobyl Atomic Power Station (Vasin M. 2006). 
One of the most prospective radioprotective substances from the group of means and 
methods of early therapy of radiation injuries is interleukin-1 (IL-1) (Neta R. 1997; 
Grebenyuk A. et al. 2005; Rozhdestvensky L. et al. 2008).  

The efficiency of consecutive application of radioprotectors and modern means of 
early therapy of acute radiation syndrome has not been investigated by now. The most 
prospective of these schemes is the application of radioprotector indralin and 
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recombinant interleukin-1  (IL-1 ), which is applied in Russia as a means of 
emergency therapy of radiation injures. 

 The purpose of the research was the experimental estimation of efficiency of 
consecutive application of indralin and interleukin-1  at acute irradiation.  

Material and methods 
Experiments were carried out in 316 male mice (CBA x C57Bl) F1. The animals were 
housed in standard conditions of vivarium. The rules of humane treatment of 
experimental animals were observed during experiments. 

Indralin was entered per os (with the help of a probe into a stomach) in a dose of 
200 mg/kg 15 minutes before irradiation. Interleukin-1  was injected intraperitoneally 
in a dose of 50 mkg/kg 15 mines after irradiation. 

The estimation of radioprotective and therapy effects of preparations was carried 
out by studying 30-days survival rate and average life expectancy of the dead animals 
and by estimating the number of hemopoietic cells in endogenous and exogenous 
colony formation techniques (Till J, McCulloch E. 1991). The total number of 
leukocytes and differential white blood cells count were estimated with the help of 
standard methods. Cytochemical determination of myeloperoxidase, alkaline 
phosphatase and glycogen was carried out in peripheral blood neutrophils.  

The animals were exposed to -ray irradiation on the RUM-17 unit with the 
following conditions: voltage 180 kV, current 15 mA, filter 0.5 mm Cu + 1.0 mm Al, 
source to skin distance 50 cm, dose rate 0.292 mA/kg (52.2 R/min), one-way 
irradiation, the direction of exposure: back-to-chest.  Dosimetric support of experiments 
was carried out with the help of a dosimeter ID-11 and calculation method. 

The data obtained in experiments were put to the standard statistical analysis with 
average value and error of mean calculations with the help of the computer program 
Statistica 6. Fisher’s exact test and Mann-Whitney U-test were taken for the estimation 
of the reliability of the differences of mean values. Probability p<0.05 and more was 
considered to be reasonable for a conclusion about statistical confidence of the 
differences of the obtained data.  

Results 
The data from Table 1 show that consecutive application of indralin and IL-1  led to 
the significant increase in the number of mice survived after exposure to 
radiation in comparison with the control group and groups of animals which 
received these preparations separately.  
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Table 1. Effect of indralin and interleukin-1  on the survival rate of mice (CBA x C57Bl) F1, 
exposed to X-ray irradiation in doses of 6.3, 6.8 and 7.3 Gy. 

Dose, Gy Experimental group  Number of mice 
in group 

Survival rate, % 

6.3 

Irradiation (control) 10 50 
Indralin + irradiation 10 60 
Irradiation + IL-1β 10 60 
Indralin + irradiation + IL-1β 10 90 * 

6.8 

Irradiation (control)  12 25 
Indralin + irradiation 12 40 
Irradiation + IL-1β 12 25 
Indralin + irradiation + IL-1β 12 83.3 * 

7.3 

Irradiation (control)  15 0 
Indralin + irradiation 15 33.3 * 
Irradiation + IL-1β 15 20 
Indralin + irradiation + IL-1β 15 46.7 * 

* p < 0.05 in comparison with irradiation (Fisher’s exact test). 
 
At the same time none of the studied schemes of preventive treatment and therapy 

of radiation injures hasn’t had a significant effect on average life expectancy of animals 
died after irradiation. The major part of the mice died on the 10-14th day after 
irradiation which is typical for small laboratory animals with bone marrow form of 
acute radiation syndrome.  

The estimation of radioprotective and therapy efficacy of separate and combined 
use of indralin and IL-1  on the number of hematopoietic early precursors was carried 
out in endogenous and exogenous colony formation techniques.  

It has been found out that indralin, IL-1  and their combination prevented 
postradiation hemopoiesis depression. The number of colonies on the spleens of mice-
hybrids, estimated in endogenous colony formation technique, was higher in the group 
of mice which were injected with the combination of preparations than in the groups of 
animals which received indralin or IL-1  only (Tab. 2).  

 
Table 2. Effect of indralin and interleukin-1  on the number of the 9-th day colony-forming units 
grown on the spleens of X-ray irradiated mice (CBA x C57Bl) F1 in the endogenous colony 
formation technique. 

Experimental group Dose, Gy 
6.5 7.0 7.5 

Irradiation (control)  3.9 ± 0.8 2.8 ± 0.9 1.9 ± 0.8 
Indralin + irradiation 12.0 ± 0.0 * 9.7± 1.2 * 6.8 ± 1.8 * 
Irradiation + IL-1β 9.5 ± 2.0 * 9.2 ± 1.8 * 6.7 ± 1.2 * 
Indralin + irradiation + IL-1β 16.0 ± 0.0 * # “ 12.1 ± 1.0 * # “ 10.5 ± 0.5 * # “ 
* p < 0.05 in comparison with irradiation (Mann-Whitney U-test); 
# p < 0.05 in comparison with irradiation + indralin; 
“ p < 0.05 in comparison with irradiation + IL-1β. 

 
The data in Table 2 demonstrate that radiation exposure caused dose-dependent 

decrease in the number of endogenous colonies on the spleens of irradiated mice-
hybrids. The largest number of colonies grown on the spleens of irradiated mice (i.e. the 
largest number of hemopoietic stem cells which retain viable) was registered in animals 
which received both preparations. For example, consecutive preventive application of 
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indralin and early therapeutic application of IL-1  led to fourfold increase in the 
number of colonies on the spleens in mice-hybrids exposed to radiation in a dose of 6.5 
Gy. When exposed to radiation in a dose of 7.5 Gy, consecutive application of indralin 
and IL-1  led to more than fivefold increase in the number of endogenous colonies in 
comparison with the animals of the control group (mice exposed to radiation without 
pharmacological protection) and to 1.5 time increase in comparison with the separate 
use of indralin or IL-1  . 

Moreover, it has been found out that the separate use of indralin or IL-1  didn’t 
have a significant effect on the number of the 9-th day colony-forming units (CFU-S9) 
on the spleens of irradiated male mice (CBA x C57Bl) F1 detected in the exogenous 
colony formation technique. At the same time the number of CFU-S9 of irradiated mice-
hybrids injected with indralin and IL-1  was 2 times more than the number of CFU-S9 
in the control group (irradiation), 1.4 times more than in animals injected with indralin 
only and 1.7 times more than in animals injected with IL-1  only (Tab. 3). 

 
Table 3. Effect of indralin and interleukin-1  on the number of myelocaryocytes and number of the 
9-th day colony-forming units grown on the spleens (CFU-S9) of X-ray irradiated mice (CBA x 
C57Bl) F1 in the exogenous colony formation technique. 

Experimental group 
Number of 
myelocaryocytes,  
 106/femor 

Number of CFU-S9 

in one femor on 106 
myelocaryocytes  

Irradiation (control)  18.3 64 ± 16 3.5 ± 0.9 
Indralin + irradiation 20.0 88 ± 24 4.4 ± 1.2 
Irradiation + IL-1β 20.8 72 ± 16  3.5 ± 0.8  
Indralin + irradiation + IL-1β 22.3 136 ± 8 * 6.1 ± 0.4 * 
Endogenous level 23.8 320 ± 100 13.4 ± 4.2 
Indralin 20.8 520 ± 60 25.0 ± 2.9 
IL-1β 22.8 340 ± 40 14.9 ± 1.8 
Indralin + IL-1β 25.3 400 ± 140 15.8 ± 5.5 
* p < 0.05 in comparison with irradiation (Mann-Whitney U-test) 

 
Moreover, it has been found out that combined introduction of the indralin and 

IL-1  had a positive effect on hemopoiesis of irradiated mice estimated by the 
dynamics of the number of leukocytes in peripheral blood during all follow-up period 
(Fig. 1).  
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Fig. 1. Effect of indralin and interleukin-1  on the dynamics of the total number of leukocytes of 
peripheral blood of mice (CBA x C57Bl) F1 exposed to radiation in a dose of 8 Gy. 

For example, even on the first day after irradiation the number of leukocytes in 
the blood of animals which received both preparations was higher than in the control 
group (50%) and in groups with separate injection of indralin or IL-1 .  

Consecutive preventive application of indralin and early therapeutic application of 
IL-1  significantly prevented the decrease in the total number of neutrophils of 
peripheral blood of mice irradiated in a dose of 8.0 Gy during all follow-up period and 
didn’t differ from the background count on the 20-th day.  

 In addition, both separate and consecutive application of indralin and IL-1  
stimulated the functional capacity of peripheral blood neutrophils of irradiated animals 
which was manifested in significant increase in the content of myeloperoxidase, 
alkaline phosphatase and glycogen in these cells in comparison with control 
groups. 

The data in Fig. 2 demonstrate that glycogen content in neutrophils of mice which 
were consecutively injected with the radioprotector and hemopoiesis stimulator was 
higher than in irradiated mice during all follow-up period, but did not differ from those 
in groups of mice injected with indralin or IL-1  only. 

 
 
 
 
 
 
 
 
 
 

0
1
2
3
4
5
6
7

1 4 9 18 30

N
um

be
r o

f l
eu

ko
cy

te
s, 

 1
09 /l

control indralin + irradiation
irradiation + IL-1 indralin + irradiation + IL-1

Days post irradiation

Third European IRPA Congress 2010, Helsinki, Finland

P13 P13-01



2084

Topic 13: Medical response in radiation accidents – Poster presentations
Grebenyuk, A. et al.
Radioprotective efficiency from consecutive application of indralin and interleukin-1β at the acute irradiation

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Effect of indralin and interleukin-1  on the content of glycogen in peripheral blood 
neutrophils of mice (CBA x C57Bl) F1, exposed to radiation in a dose of 8 Gy. 

Discussion 
Our findings on radioprotective efficiency of indralin and early therapeutic activity of 
IL-1  agree with those of the other authors (Neta R. 1997; Legeza V., Chigareva N. 
1999; Rozhdestvensky L. et al. 2008; Vasin M. et al. 2008), supplement them and 
increase the sum of knowledge of the mechanism of therapeutic action of these 
preparations. 

 It was found out that application of indralin 15 minutes before exposure to 
radiation effectively protects mice irradiated in LD50-100/30 against death increasing their 
survival rate by 10-30%, has a positive effect on bone marrow hemopoiesis of irradiated 
animals, reduces the intensity of leuko-, lympho- and neutrophilophenia in early terms 
after irradiation, accelerates restoration of the contents of cells in peripheral blood. High 
radioprotection level on application of indralin has been established earlier in 
experimental studies in many species of laboratory animals: mice, rats, Syrian hamsters, 
guinea pigs, rabbits, dogs and monkeys (Vasin M. et al. 2008). Radioprotective effect of 
this preparation is based on its ability to reduce oxygen content in the cell, thereby 
reducing the intensity of “oxygen effect” and manifestation of oxidative stress. For 
hemopoiesis stimulator IL-1  this mechanism is not essential (Neta R. 1997). However, 
its introduction to mice after exposure to radiation can increase radioprotective efficacy 
of indralin, which is estimated both by the survival criterion and the condition of bone 
marrow hemopoiesis. For example, consecutive preventive application of indralin and 
early therapeutic application of IL-1  can increase the survival rate in mice irradiated in 
LD50-100/30 by 40-60%, although do not have a significant influence on average life 
expectancy of dead animals.  

In our opinion, one of the most important mechanisms, which form the basis of 
radioprotective effect of combined use of these preparations, is that IL-1  activates 
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proliferation and differentiation of hemopoietic stem cells in a great number preserved 
in the bone marrow of irradiated mice due to the protective action of indralin. This 
statement can be confirmed by the fact that both separate application of IL-1  and 
combined application of IL-1  and indralin reduce intensity of postradiation disorders 
in bone marrow hemopoiesis, increase proliferation activity of hematopoietic stem cells, 
which finally leads to faster recovery of absolute content of cells in peripheral blood. 

 The fact that IL-1  mainly has an effect on the hemopoietic stem pool retaining 
some of the cells from death and/or intensifying its proliferation has been shown 
earlier (Neta R. 1997; Grebenyuk A. et al. 2005; Rozhdestvensky L. et al. 2008). 
However, in the course of our investigations it was found out that the largest number of 
CFU-C9 in irradiated mice can be observed in condition of combined application of 
indralin before exposure to radiation and IL-1  after irradiation.  

Conclusions 
The results of the research have shown the effectiveness of consecutive preventive 
administration of indralin and early therapeutic application of IL-1  for protection 
against acute irradiation. In this case, hemopoiesis stimulator IL-1  increases the 
radioprotective efficacy of indralin estimated by the survival criterion of irradiated 
mice, the condition of bone marrow hemopoiesis and functional activity of peripheral 
blood leukocytes.  
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Abstract  
The plan described in this paper outlines the procedures used by Careggi University 
Hospital in Firenze in response to incidents where individuals are exposed to 
radioactive material either in case of radiological accidents (for instance during 
transportation, industrial or medical activities) or in case of malevolent use of 
radioactive sources. 

The main challenge in planning a radiological emergency response is the proper 
definition of departments and people involved, their own duties and responsibilities, the 
effective coordination among them, also taking into account the pre-existing hospital 
structures and concurrent routine activities. Moreover in a mass casualty incident, many 
people may come to an healthcare facility injured, contaminated, or not. Most of them 
are likely to be minimally injured or simply concerned about potential contamination, 
therefore needing just an ambulatory care or measurement. In any case  the correct 
answer to everyone has to be given without interfering with the other activities of the 
Emergency Department. 

In this plan the functions, duties and responsibilities of staff people of every 
involved departments are reported in detail. The plan covers all the operating 
procedures starting from the radiation emergency alert till the closure of emergency 
operation, including the waste disposal. 

The main topics of the plan are the preliminary hospital activation, the 
contamination assessment procedure, the possible decontamination of patients, the 
radiation protection of the staff. Special sections are devoted to define a list of radiation 
measurement instruments, emergency supplies and pharmaceuticals to be stored in the 
Emergency Department in order to properly handle the response. 

This plan is part of a more general CBR hospital response plan, and a first step 
towards a regional response plan to radiological emergencies through the Italian 
National Health Service structures. 
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Introduction 
The plan has the goal to analyse and describe the hospital response to a radiological 
emergency, defining departments involved, duties and responsibilities, facilities, 
materials and instrumentation required. 

The plan takes into account the already planned response to conventional 
emergency and it is intended as a component of a more comprehensive CBR plan. 

Main goals of the hospital response to the emergency are: 
 the rapid identification of the type of emergency 
 the subsequent activation of the response  
 the interaction with other external structures  
 the coordination with other regional highly specialized hospitals.  

Material and methods 
Florence University Hospital (Azienda Ospedaliero-Universitaria Careggi, AOUC) is 
located in Tuscany Region, Italy, and it is one of the main hospitals of the Italian 
National Health Service (NHS). It is tightly integrated within the Florence University, 
thus maximizing the synergies between health care, research and teaching. The hospital 
is organized as a campus with different buildings, that together house over 5,800 
employees, 1650 beds, 54000 in-patients, 22000 day hospital admissions and nearly 10 
million medical examinations per year.  

The hospital hosts nuclear medicine, radiodiagnostic and radiotherapy and Health 
Physics departments, where health care workers are highly trained in radiation 
protection. RPE responsibilities are included in the Health Physics Dept. activities.  

Available facilities and instruments are a gamma spectroscopy system for isotope 
identification and activity measurement, a portable gamma spectrometer, TLD and 
electronic dosimeters, contamination and exposure measurement instruments, 
decontamination kits, gamma probes.  

The Emergency Department is located centrally with respect to other buildings, 
and has enough outdoor spaces to host a radiation assessment mobile tent and a 
decontamination mobile tent as well. 

A Tuscany region reference centre for toxicology and an internal occupational 
health department charged to deal with all the medical aspects related to exposure to 
ionising radiation are also present. Bioassay labs can provide immediate assessment of 
blood contamination as well as the other clinical blood parameters. 

Considered scenarios 
At present no nuclear power plant is operating in Italy, so the considered scenarios are: 

 incident in industrial facilities 
 incident in medical facilities  
 incidents during transport of radioactive material 
 orphan sources incidents 
 malevolent use of radioactive material 
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Involved departments 
The departments/services involved  in the emergency response are: 

 Emergency Department (ED): resources are necessary for the treatment of 
patients suffering from injuries in combination with possible radiation 
contamination or exposure (combined injuries). 

 Health Physics Department: for radiation protection, radiation screening, 
isotope identification and any dosimetric assessment 

 Toxicology and occupational health services to provide physician 
competent in radiation health effects 

 Technical services department for security, mobility and logistics operation 
 Press Office 
 Psychology team 

Results 

Allocation of roles 
An Hospital Operation Command Team (HOCT) has to supervise the emergency 
operations and has to be alerted by the ED manager. 

The components of the HOCT are the hospital medical director, the ED director, 
the Radiation Protection Expert, the technology services director and the nurse staff 
director. 

The proper management of people arriving to the hospital is provided by the 
security staff. 

The contamination screening of people arriving to the hospital is performed by 
Health Physics staff, that assures at least one Medical Physics Expert (MPE) and one 
Radiology Technician on call at any time.  

Patient medical treatment is provided by the ED personnel. In order to reduce  the 
spread of contamination and to allow the routine operation, a section of the ED is 
isolated and dedicated completely to the radiation emergency. 

Information workflow 
The radiation emergency plan is activated at once as a notification is transmitted by 
First Responders (Fire Department). 

From this moment on the medical operations are lead by the ED, while the HOCT 
coordinates the global hospital response. The information workflow is shown in Fig.1 
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Fig. 1. Information workflow in case of radiological emergency. 

Patient admission  
In case of radiation emergency, every access to the hospital is closed but one in order to 
properly filter the accessing people. At the entrance of the ED people involved in the 
radiological emergency are redirected to the pertinent special ED section. All other kind 
of access is limited until the first response to the emergency is declared over by the 
HOCT. 

The radiation screening and decontamination are performed outside the buildings, 
in dedicated mobile tents (Fig.2). 

Personnel Training  
People involved in the emergency plan (health care professionals, security and logistics 
staff, psychology team, HOCT) are required to attend training courses.  

The training course includes a general section about the radiation protection and 
the plan structure, and a more specific session devoted to health care staff only. 
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The goal of the training is to provide a basic overview of the most important 
issues in an effort to raise the level of confidence and lower the level of anxiety of the 
staff who may be called to deal with this kind of event.  

The training covers the following topics: 
 Characteristics of ionizing radiation and radioactive materials 
 Differentiation between radiation exposure and radioactive material 

contamination 
 Causes of radiation exposure and contamination 
 Staff radiation protection procedures and practices 
 Facility preparation 
 Patient assessment and management of radioactive material contamination 

and radiation injuries 
 Health effects of radiation exposure 
 Facility recovery and waste disposal 

 

Emergency
Department
Emergency
Department

DecontaminationDecontamination

Emergency
Department
Emergency
Department

DecontaminationDecontamination

 
 
Fig. 2. Plan of the hospital, with closed access in case of radiological emergency. The access 
close to the ED is devoted to people involved in the radiological emergency, the other access to 
patients. 
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Conclusions 
The proposed plan covers the organisational aspects, defines the professional roles, 
charges the departments and structures to provide effective response in case of 
radiological emergency.  

This plan is part of a more general CBR hospital response plan, and a first step 
towards a regional response plan to radiological emergencies through the Italian 
National Health Service structures. 
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Abstract  
Protection of the public exposed to nuclear/radiological (NR) agents in medical or 
industrial installations is required in many countries by Regulatory and Health 
Authorities. National Authorities require training in all aspects of occupational and 
public exposures to ionizing radiation, as well. Specific aspect of public exposure is in 
the case of accidents or terrorist/malevolent acts. Many countries increase their efforts 
to prepare medical workers for the intentional release of NR agents within the civilian 
population by terrorists or accidents on nuclear/radiological installations. Presumed 
targets for terrorist attack are urban or suburban heavily populated locations. They are 
usually industrial parts of the cities, and bring additional risk correlated with industrial 
installations. For many people, the first point of contact with harmful agents could be 
their workplace, and therefore occupational medicine professionals (OMP) are 
considered as potential first responders to a terrorist attack. They are educated in health 
surveillance of personnel occupationally exposed to low-doses of harmful agents, 
including radiation. Still, the lack of training for medical response in radiation 
emergency has been recognized. Therefore, OMP must be additionally trained on the 
specific challenges of terrorism and emerging situations, including how to recognize 
and isolate, treat and track individuals who will need prompt and appropriate care, 
especially in the case of mass casualties. OMP from MMA, as members of NRCB team, 
are involved in different radiation emergencies: from decommission, depleted uranium, 
to terrorism, and therefore additional educational courses for students, general 
practitioners, and OMP have been organized. In this paper, our experiences and the 
main topics of this program are presented.  

Introduction 
Ionizing radiation has been used for the benefit of humankind for a long time. Still, it`s 
harmful effects, overexposure and accidents are the first associations of radiation for 
more the 60% of adults from EU. This attitude is probably caused by horrible 
experience from Hiroshima and Nagasaki, as well as some other accidents. 

More recently, NR terrorism became an actual problem. Modern society is known 
by global anti-terrorist activity. It seems like there has never been so much activity on 
reducing nuclear threat, and at the same time, never bigger possibility of it being used. 
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That was the main reason for global anti-nuclear activity and efforts for improvement of 
public protection against malevolent use of NR material.  

Many countries in the world created wide and detailed national plans for 
emergency preparedness in the case of NR accident, as well as for NR attack. One of 
the most important elements of preparedness is adequate education of the responders. 
Medical workers are unavoidable members of the team. Even though radiation effects 
are usually studied in medical schools and numerous specialization courses it seems that 
physicians are not sufficiently prepared for the emergency in case of NR accident, 
especially in the case of the mass causalities. Therefore, the global attitude is that the 
improvement of knowledge and skills of medical workers in this area are needed for 
providing help and treatment to the public. 

Material and methods 
In this paper, programs of additional education for OMP, young general practitioners on 
compulsory military service and doctors on specialization courses in Military Medical 
Academy are presented. They are based on IAEA recommendations and adapted to 
previous knowledge of the participants and their possible role and responsibilities in the 
NR accidents.  

Results and Discussion  

Potential sources of nuclear/radiological accidents 
here are several potential sources of nuclear/radiological accidents. At the first place, 
the source of the accident could be nuclear installations due to damage or human 
mistake. These accidents are rare; they involve a lot of people and demand the activity 
of many services. The second potential source of the accident could be lost sources, so 
called orphaned sources. These accidents are not so rare, and the number of people 
involved is different depending on scenario. 

More recently, important potential sources became NR terrorist devices. In a last 
decade, numerous blackmails and threats involving these devices were denounced 
worldwide. Until now, no cases of terrorist actions involving radioactive material have 
been known. Nevertheless, efforts to prevent them are still needed. There are two 
groups of devices: improvised nuclear devices (IND) and radiological dispersal device 
(RDD). It is presumed that attack by IND is less possible, because they are harder to 
produce, transport and provide with sufficient nuclear material. The most possible 
scenario is attack by RDD, which is easy to produce, transport and use. Most of all, it is 
easy to provide a smallest quantity of radioactive material needed for production of 
RDD. The highest advantage of RDD is the fear and panic they cause, even if they 
contain the smallest quantity of radioactive material. 

Potential targets for terrorist nuclear/radiological attack  
Presumed targets for terrorist attack are urban or suburban heavily populated locations. 
They are usually business or industrial parts of the cities, or specific places like 
underground, harbors, airports, theatres, even objects like hospitals, kinder-gardens, and 
schools. Finally, nuclear or industrial installations could be marked as targets and 
induce mixed-hazards situation. 
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For many adults, the first point of contact with harmful agents could be their 
workplace, and therefore occupational medicine professionals (OMP) are considered as 
potential first responders to a terrorist attack. 

Emergency response 
Emergency response in these situations is complex and demands activity of numerous 
services. Medical workers are unavoidable members of the rescue teams on all levels, 
from the first response to final hospital treatment. The aim of the protection and 
response is to prevent deterministic effects and minimize the possibility of stochastic 
effects. 

Final treatment for wounded and sick people who are irradiated or contaminated 
in NR attack should be provided in specialized hospitals. In order to prevent pressure on 
these hospitals it is crucial to organize qualified medical teams on-site and on pre-
hospital level. They will provide first aid and triage. Therefore, it is extremely 
important to educate first responders and to organize the entire network. It is presumed 
that city emergency medical teams would react, but in the case of attack they could be 
slowed down or even stopped due to panic, traffic troubles or any other reason. In the 
case of NR attack with several explosions, and the unknown number of radiation 
sources, numerous emergency teams are needed. Therefore, it would be rationale to 
provide emergency medical response from the nearest medical professionals.  

Why OMP 
OMP are trained to follow-up harmful effects of many physical, chemical, biological 
and psychological factors from the workplace. They are also trained to detect and 
measure doses or levels of these agents and effects, as well as to assess the risk of 
exposure to them. Most of OMP are situated in the medical centers in the industrial 
areas or factories. They are responsible for medical treatment of the workers on daily 
basis. In the accidental situation of any kind, OMP are the nearest medical teams to 
provide help on-site. Besides the emergency medical treatment, OMP teams could be 
useful for a few different reasons.  

OMP services settled in industrial areas are supplied by materials necessary for 
emergency situations connected with industrial process. OMP are completely aware of 
all the physical, chemical pollutions released from the industrial process. They are 
usually equipped with detection and dosimetric tools and have a date base of previous 
measurements taken before the accident, so they can notice any significant difference 
and increase in pollutions. These data could be of a great importance for the activity 
planning and risk assessment. OMP are familiar with early notification of accidents, as 
well as the chain of action and responsibility. This service has a data base of workers 
health. In the accidental situations they can provide previous results and help in 
treatment planning. Occupational medicine departments have epidemiological data 
which could be of great importance in the evaluation of the accident. 

Still, further education of OMP is needed, because the main goal of their interest 
is professional exposure and the effects of chronic or prolonged exposure to low doses 
or low level doses to harmful agents from working environment. Besides that, health 
surveillance is based on previously planned activities. On the contrary, in the accidental 
situations they are faced with sudden exposure of many people to high doses/levels of 
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harmful agent/s. That implies necessity for further education of OMP. Good educational 
programs should be specific and adapted to target groups, to their assignments and 
responsibilities in the accidental situations. One of the most important assignments is 
first medical aid on-site of the accident, so the training and education of the first 
responders are crucial for the good help, as well as the protection of responders.  

Courses in Military Medical Academy 
Military Medical Academy organizes medical education for different profiles of 
medical workers. Basic NRCB course is compulsory for all the specializations. The 
main topics of this course vary for different specializations, from preventive medicine 
to clinical sciences. 

OMPs course  
Considering OMP as very important for the mentioned accidental situations, courses on 
urgent toxicology in National Center for Poison Control are organized, including the 
basic principles of emergency toxicological procedures and detection of toxic 
substances. The second part of the course consists of: basic principles of detection, 
prevention and protection in the case of bioterrorist acts, as well as basic principles of 
microbiological diagnosis, clinical signs and treatment. The third part of the course is 
radiation protection. Emergency medical response is the main goal, and also detection 
of different kinds of ionizing radiation, basic dosimetry (field and personal), 
decontamination, treatment of acute radiation syndrome and skin injuries. At last, 
OMPs are well trained to protect themselves and members of their team. This program 
is sufficient to prepare them for all-hazard situations. Further trainings are needed to 
refresh their knowledge and skills. 

After this program our OMP could be involved in post-accidental follow-up of 
late consequences of harmful agents, as well. Besides the contamination of the people, 
contamination of the food, water and the environment is a potential consequence of the 
radiological accident/attack. Radiation protection department, as a part of the 
Occupational medicine, is responsible for the monitoring of these goods. The results of 
radiometric analysis are crucial for further activities of the OMP.  

NRCB for doctors on compulsory military service 
Young doctors-general practitioners on compulsory military service are obligated to 
attend additional NRCB course. Main goal of this course is medical management in 
accidental situations with mass causalities. These groups are trained for field work. 
Besides the basic topics mentioned above, they are trained to organize decontamination 
of large groups of people in a tent which is the part of the field military hospital. They 
are trained for the first aid, triage, transport and basic treatment of victims in NR 
accident. 

These courses are part of our efforts to provide a network of adequately trained 
first responders. For the real improvement, regularly repeated trainings and 
preparedness are needed. Increased spectrum of NR devices and possible scenarios of 
NR attacks, in turbulent political situation, imply further development of emergency 
preparedness, not only on local, but also, on global level.  
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