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Abstract

In this work was described the creation method of the hermetic granules of the X-emitters on base of 131Cs for using in

brachytherapy. The chitosan and modified additives are being used as a sorbent for 131CsCl ions. The maximal sorption of
131CsCl ions was obtained by adding to chitosan solution the potassium ferro(II)cyanide and copper or nickel chlorides. For

forming the granules of X-emitters, the radioactive drops through of syringe were serially passed through air layer, solutions

of the xylene and alkali sodium. The received granules has been crosslinking with glutaraldehyde solution for its forming

hardness and hermeticity. The diameters and radioactivity of the granules can be regulated within 0.5±0.05 – 1.0±0.1 mm

and (7.4 – 22.2) 107 Bq, respectively.
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Introduction

The chitosan and its derivatives are used widely in

nuclear  medicine  as  therapeutic  preparations.  Chitosan

compounds used in the pharmaceutical industry have sever-

al  advantages  because  of  biodegradable,  biocompatible,  ac-

celeration of wound healing, reduction of blood cholesterol

level  and  inhibition  of  tumor  cells.  The  natural  polymers

chitin  and  chitosan,  belonging  to  the  class  of

polysaccharides  –  high-molecular  compounds  that  built

from  elementary  units  of  links  of  monosaccharides,  that

connected  by  glycosidic  bonds.  The  chemical  structure  of

the chitin is a linear aminopolysaccharide that a consisting

of  units  of  N-acetyl-2-amino-2-deoxy-D-glycopyranose.  A

completely  deacetylated  product  -  poly  [(1-4)  -2-ami-

no-2-deoxy-b-D-glucose] - is called chitosan [1-3]. It is in-

soluble in aqueous, alkali, organic solvents, while it is solu-

ble  in  acid  solutions  when  the  pH  is  less  than  6.0  [2,3].

There are some scientific works on applications of chitosan

derivatives  for  purification  wastes,  solutions  from  hazar-

dous  radionuclides.  For  example,  in  [4]  chitosan  benzoyl

thiourea  derivative  was  used  for  the  removal  of  the  hazar-

dous 60Co and 152+154Eu radionuclides from aqueous solu-

tions. In the other work [5], chitosan was used as a sorbent

after modifying by ferrocyanide additives and second group

of transitive metals for purification of the aqueous solutions

from 137Cs radionuclides. Scientific data on application of na-

tural  biopolymers  in  nuclear  medicine,  chiefly  in  the

brachytherapy are very limited. The authors of [6], created

the  mode  of  preparation  131I-collagen-chitosan  micro-

spheres by using chloramines-T or N- bromosuccinimide

for treatment of the lesion organs by injecting 131I-micro-

spheres in tumour area. The method of precipitation β-emit-

ters of 153Sm, 165Dy, 166Ho, 90Y in solid chitosan sorbents for

using in radiosynovectomy has been described in [7-9]. At

present, the 125I, 103Pd and 131Cs radionuclides in titanium

capsules  widely  used in  brachytherapy,  as  an X-emitters

[10,14,15]. These capsules are implanted in tumour area of

body, to effectively treat the cancer cells, without damaging

nearby healthy tissue and thereby reducing negative side ef-

fects. Brachytherapy experts in the American company “Iso-

RayMedical” (www.isoray.com) have given their prefer like

to 131Cs (T1/2=9.8 d, Eγ=31 keV) than to 125I (T1/2=60 d; Eγ=28

keV) and 103Pd (T1/2=17 d; Eγ=21 keV), because of its shorter

half-life and higher X- ray energy [10]. Except titanium cap-

sules, the X-ray radionuclides can be encased in a resin [11],

glass [12] and an organic beads [13]. Despite of availability

of various kinds of the X-ray sources that intended for de-

struction of malignant tissues, each of one has merits and

defects, which connected with cost and technological capa-

bility of production. The capsulation of the 131Cs radionu-

clides in titanium capsules a represents technical and financ-

ing difficulties for us. Therefore, are need elaborated and

created a relatively simple and cheap method for domestic

brachytherapy. In our previous studies were developed the

method of obtaining 131CsCl ions under microwave radia-

tion [14] with 99.97% radiochemical purity [15]. Therefore,

the aim of this study was elaboration the technique to crea-

tion a hermetic,  spherical,  biopolymer X-emitters on the

base 131Cs radionuclides are being with biocompatible and

biodegrading properties for brachytherapy.

Experimental Procedure

Materials of Experiment

Chitosan – has been synthesized from cocoons of a

silkworm and was presented by a Research Center of Chem-

istry  and Physics  of  Polymers  of  National  University  of

Uzbekistan. Chitosan was following specifications: its 97%

solubility in 2% acetic acid; molecular weight is 60000; the

nitrogen content is 8.2%; the deacetylation factor is ≥74.4%

[16].

Glutaraldehyde  – has been used for crosslinking

and forming hermetic and hardness granules.

Creation of Granules

The  sorption  efficiency  of  chitosan  solution  to

ions of 131CsCl was studied without modified additives origi-

nally. In our case we used a 2% acetic acid by dissolving chi-

tosan powder weighing 500mg in 10ml of acetic acid with

the aid of a universal stirrer. In this case the solution with

necessary viscosity is formed. The results of tests as show

the maximal values of sorption of the 131СsCl ions by chi-

tosan sorbent without modified did not exceed 36%. To in-

crease sorption efficiency, the chitosan solution has been

modified by additives of potassium ferrocyanide and chlo-

rides of transitive metals. The creation scheme of 131Cs gran-
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ules at processing by modify chitosan sorbents is shown in Figure 1.

Figure 1: The creation scheme of X-emitter granules at processing by modify chitosan sorbents

Figure 2: Two-layer setting bath for formation of granules: 1- needle of syringe; 2-radioactive drops; 3-remover bath; 4-setting

bath; 5-xylene; 6-alkali of sodium; 7-granules; 8-lead glass
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According  to  the  given  scheme,  500mg  chitosan

powder  was  dissolved in  10ml  of  2% acetic  acid  at  a  room

temperature in 2–3 hours. The 0.1М solution of potassium

(II) ferrocyanid (K4[Fe(CN)6]) were added to 0.01М NiCl2

or CuCl2 in equal sizes and carefully stirring by using univer-

sal homogenizer stirrer in 10–15min. The chitosan solution

with 131СsCl was added to potassium-nickel (II) ferrocyanid

solution in ratio 10:1. All compounds were stirred on homo-

genizer device for 10–15min. The mixture (viscous, homoge-

neous and radioactive) has been fitted in the syringe. The

granulation processes were carried out by passing the ra-

dioactive drops through an air at first, then through of two-

layer solution in a setting bath. The diameters of formed

granules  depend  on  the  internal  diameter  of  needles

(0.5±0.05 or 1.0±0.1 mm). The schematic view of setting

bath is shown in Figure 2.

The  radioactive  drops  (2)  from  needle  (1)  are

dropped  to  internal  bath  (3)  that  fixed  in  setting  bath  (4).

The  baths  a  filled  with  two-layer  solution,  the  upper-layer

(5)  is  xylene  [C6H4(CH3)2]  and  under-layer  (6)  is  alkali

(NaOH). Bottom of the internal bath (3) are having a holes

with diameter <0.5mm and (3) may be take out from (4) for

separated only 131Cs granules (7). All steps of granulating

are protect with lead glass (8) for radiation safety of person-

al. The availability of a surface tension of the alkaline solu-

tion leads to changing of granules from ball-shape of in the

granulating process. To decrees of a surface tension of up-

per layer, were carried out the tests by using following or-

ganics: hexane, xylene and isopropyl alcohol. It is experi-

mentally established that in granulating process isopropyl al-

cohol and hexane have not desirable effect, as comparing

with xylene.

The influence of various concentration of the alka-

line  solutions:  1М  NaOH,  3M  NaOH  and  1–3M  NH3  for

formation a spherical shape were investigated also. As a re-

sult  it  was  ascertained  the  shape  of  the  granules  that  has

aspheric  form  by  using  of  1–3М  NH3.  At  using  the  3M

NaOH to led very increasing washing process up to the neu-

tral solution. Therefore, the solution of 1М NaOH was cho-

sen as a  working alkaline.  It  is  experimental  established an

optimal  condition  for  formation  spherical  shapes  of  the

granules,  which  are  following:  radioactive  drops  should  be

(Figure  2)  passed  through  2.5–3cm  air  distance,  and

through  1.0cm  upper-layer  of  xylene  [5],  then  through

20cm  layer  of  1М  NаОH  [6].

Figure 3: Photo view of 131Cs granules with 1.0±0.1 mm diameter
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The obtained granules were washed in 0.1M solu-

tion of ammonia. Then granules were to put to crosslinking

in solution of  glutaraldehyde to getting necessary hardness

and hermeticity of granules. By tests was determined an op-

timal sewing concentration and sewing time, that were 1.0%

solution of glutaraldehyde and 5–10min, accordingly. After

end  of  crosslink,  the  granules  were  eliminating  from  solu-

tion and carry out drying by using hot air. The photo view

of X-emitter granules about of 1.0mm diameters have been

presented in Figure 3.

As a see from Figure 3, shapes of biopolymer gran-

ules of 131Cs are being make ball sphere with about 1.0±0.1

mm diameters  and  initial  radioactivity  of  granules  were

(14.8±0.74)·107 Bq. The biopolymer granules of 131Cs were

sufficient durability and hermeticity.

Results and Discussion

The sorption values of 131CsCl ions in chitosan sor-

bent modified by potassium ferrocyanide and chloride met-

als were determined by measuring of the residual radioactiv-

ity of solutions. Results of measurements are presented in

Table 1. As shown in Table 1, the maximal sorption 100%

for carrier-free 131Cs is reached at modified chitosan solu-

tion with (K4[Fe(CN)6]) and NiCl2 or CuCl2. Therefore, the

decreasing  of  sorption degree  was  observed in  all  cases,

when we add a cold cesium into solution.

It  should  be  noted  the  X-emitter  granules,  modi-

fied by cyanides are intended for use in brachytherapy. An

average fatal dose of CN– is a ≥1.52 mg/kg for human body

[17]. In our case the content of CN– made up 0.15 mg/gran-

ule or 0.11 mg/kg to body of patient. As you see the dose

CN– does not exceed admissible values [17].

Table 1: The sorption dependence on concentration of Cs ions by modified chitosan sorbents

№ Un-carrier 0.01 M 0.05 M

S, % D, ml/g S, % D, ml/g S, % D, ml/g

Ni 100 2678 95.63 182.6 93.36 111.0

Cu 100 1205 72.5 47.64 68.88 18.46

The  magnitude  values  of  sorption  degree  of  the Cs2+ ions by chitosan sorbents were determined by the fol-

lowing relationship:

Where S is sorption degree, %; Asol.ph and Ainit. are

radioactivity of the solid phase and initial activity of the wa-

ter phase, imp/s.

The distribution coefficient D(ml/g) was calculated

by the following equation [5,14]:

Where  Asol.ph  and  Awat.ph  are  radioactivity  of  the

solid phase and water phase of the sorbents in imp/s; Vwat.ph

is volume of the water phase, ml; msor is sorbent mass in g.

The  washing  process  of  formed  granules  in  dis-

tilled water, desorption of 131Cs and radionuclide impurities

was do not observed.  The X-ray activity of  the granules

were determined by measuring on Si(Li) detector. The each

radioactivity of the 5 granules were 9.84; 9.73; 10.24; 10.06

and 9.92·106 Bq with deviation ±4–6% after 40 days.

The  angular  distribution  of  dose  activity  of  the

granules  was  measured  in  the  air,  water  and the  biological

tissue by using universal dosimeter FH-40LG Eberline. The

dose rate (cGy/h) of the granule in different media and dis-

tances are presented in Table 2. As shown from Table 2, the

dose values of the granules in air, water and tissue are very

small differences.
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Table 2: The dose rate (cGy/h) from granule in air, water and biological tissue

Media Distances from granule, cm

0 1 2 3 4 5 6

Air 1.22±0.07 0.96±0.05 0.72±0.04 0.54±0.03 0.36±0.03 0.24±0.02 0.19±0.02

Water 1.20±0.06 0.90±0.04 0.54±0.03 0.40±0.03 0.26±0.02 0.18±0.02 0.14±0.02

Tissue 1.22±0.07 0.98±0.05 0.70±0.04 0.50±0.03 0.34±0.03 0.24±0.02 0.16±0.02

As  known  the  normal  volume  of  the  prostate

glands are being 40-50cm3. However in practice the volume

size of prostate can be has more because of disease. In table

3, are given calculated data of dose rate per granule, and

number of implanted granules and total doses according to

the type and the size of prostate for cancer treating. The

need data was taken from [10,18].

Table 3: Calculation data for implanting of 131Cs granules in prostate volume

γ- rays of Cs-131

Prostate size, cm
3

Dose rate/granule,cGy/h Number of granules Total dose,cGy/h

<25 1.60±0.07 52 – 80 83 – 128

25 – 50 1.80±0.08 73 – 108 131 – 194

>50 2.00±0.09 100 – 150 200 – 300

It is seen from Table 3, the average number of the

X-ray granules of biopolymer that needed for treat prostate

cancer makes up 70-100 pieces of granules with total activi-

ty of 1.3-1.9Gy/h.

Conclusions

On basis of the 131CsCl ions and chitosan sorbent

with modify additives were created the X-ray biopolymer

granules that having biocompatible and biodegradable prop-

erties. For creation X-ray granules were elaborated a dou-

ble-layer bath technique with xylene and alkali solution. An

optimal mixture of the modify additives in chitosan sorbent

for selective and full precipitation of the 131CsCl ions have

been determined. Was find optimal condition to obtain the

hard and hermetic granules in solution of glutaraldehyde.

In future planned carry out a preclinical trial on implanting

these granules.
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