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ABSTRACT 
 
The radioactive interstitial implants have applications in controlling neoplasm in several regions of the human 

body. Currently the permanent brachytherapy seeds implanted in the spleen and other organs are made of I-125 

seeds. After the total emission of radiation, the metal encapsulated seed remains inert in the implanted area. 

Seeds of bioactive ceramics have been prepared with Sm-152 incorporation to be activated in Sm-153. This 

study aimed to develop surgical technique for implanting biodegradable micro-seeds in the spleen of the rabbit. 

Three micro-seeds were introduced by hypodermic needle in the spleen in eight rabbits by median laparotomy. 

Subsequently, there were clinical and functional reactions of the animal to the implanted foreign body. The 

other objective was to perform the animal monitoring by radiography, produced in time sequence, and 

pathological studies of a fragment of the spleens of rabbits. The results show the effectiveness of surgery, the 

identification of the implanted material by radiography in vivo, and the biocompatibility of micro-seeds most of 

Sm and Sm:Ba. These seeds of reduced volume, 0.3x 1.6 mm, could be monitored for radiological studies in 2 

periods: early and later implant. On the later studies, radiography was taken at 60d post-implant. Biopsies were 

taken and radiographies of the samples were also performed for evidencing the degradation state of the seeds. 

The results of  the two groups of four rabbits are presented. They show partial degradation of the seed verified 

by radiographic contrast which is related to the atomic number of the elements and mass density in the seed. The 

biopsy showed that the ceramic is clearly absorbed by the spleen tissue and form tissue-implant interface. The 

histological slides showed an inflammatory reaction with presence of fibrosis of the giant cell foreign body. In 

conclusion, the radiograph shows a suitable noninvasive technique for monitoring the degradation of micro-seed 

ceramics in vivo. Seeds of radioactive Sm-153 can be produced in an appropriate spatial distribution of the 

implant capable to combat spleenic tumors.  

 

 

1. INTRODUCTION 
 

There are several ways to treat cancer [1]. These are the surgery, chemotherapy and radiation 

therapy protocols (teletherapy and brachytherapy).[2] The brachytherapy is a technique that 

can be applied in various organs. Indeed, the doses of radiation are concentrated on a 

particular target, and the radiation intensity decreases proportionally with increasing distance 

from the source [1-3]. In the permanent brachytherapic implants, beyond the needs for a 
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proper dosimetric analysis to reduce the deleterious effects of radiation to healthy tissue, the 

composition and action of the material that carries the source to the target, which it is housed, 

even has encouraged many research. The tumor incidence and frequency are various due to 

age and type and region in which it originates. Currently, iodine-125 seeds are, among others, 

has indication to control local spleen neoplasm. Those seeds, however, are made of titanium 

capsule and, after the radionuclide decaiment, the material keeps inert and has no function in 

the tissue where it is. Seeds of bioactive and biodegradable ceramics produced by sol-gel 

process have been developed with the embedded element samarium-152 (Sm-152) that is 

activated in samarium-153 (Sm-153) in its core on the NRI research group from CNPq, 

PCTN/UFMG. [4-8] 

 

Bioactive glasses by sol-gel process incorporating samarium-153 for treatment of cancer has 

been early studied [7,8], as well as the preparation of radioactive gels on the basis of 

incorporating hydroxyapatite Rhenium-188 and Homium-16 [5,6]. Roberto (2004) 

demonstrated the feasibility of producting bioglass seed via-gel route by analyzing the 

synthesis and characterization of the material [7]. A pilot study in the muscle was prepared 

and accompanied by Sm-152 in the blood of the animal.  

 

Herein, this study aimed at developing a protocol for the surgical implantation of radioactive 

biodegradable microsementes in the spleen of rabbits, as well as monitoring of the 

degradation of the same in a certain time, by radiological and histopathological studies. 

 

 

2. MATERIALS AND METHODS        

Micro-seeds were produced by sol-gel process followed the protocol proposed early [4-8], 

though variations in the concentrations of calcium and samarium in time, and rates of 

temperature have been included. Later, processing alteration was laboriously made and 

processed under vacuum, eliminating defects in the seed. All compounds, after being mixed, 

passed through the various steps of the sol-gel processing. By conformation, different 

geometries were modelling, thus cylindrical micro-seed with the approximate dimensions 1.4 

to 0.3 mm can be made. The shape packaging was studied in an attempt to obtain the smallest 

possible geometry and acceptable to brachytherapy. The preparation was needed on vacuum 

system to avoid formation of bubbles. It allows the flow of the compound in the mold filling 

the micro-holes. Gelation and the aging processes, and also heat treatment were followed in 

accordance with the literature [4].  

 

A set of 08 male rabbits were selected and divided into two groups of four rabbits. All groups 

received a set of three seeds.  Group 1 was observed for 60 days, with punctured seed made 

of samarium and barium as contrast agent. Group 2 was observed for 60 days, punctured with 

samarium seeds without contrast. In order to the restraint of the rabbit, a dose of 2% Xylazine 

(5mg/kg) was infused intramuscularly producing sedative effect, analgesic and muscle 

relaxing. A dose of hydrochloride S (+) ketamine, 50 mg/kg of weight in left gluteal region, 

was applied by intramuscular injections.  

 

The rabbit was placed in the supine position on the operating table with immobilization of the 

legs, neck hyperextension. Abdominal trichotomy was performed after an abdominal 

palpation routine. The anti-sepsis was performed with polyvinyl pyrrolidone solution of 

iodine to 1% degerming (PVPI degerming) and 1% polyvinyl pyrrolidone iodine topic (PVPI 
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topic) on the abdomen, thighs and external genitalia. After placement of the surgical field by 

a fenestrated filed, a surgical incision was performed in the anterior abdominal wall close to 7 

cm. It was plans for opening the items that are the skin and subcutaneous tissue, hemostasis 

with electro coagulation of the vessels, the midline incision, and longitudinal section of 

parietal peritoneum with opening to the peritoneal cavity. Exploration of the peritoneal cavity 

was performed, identifying the entire colon, rectum and duodenum, and the bladder, uterus 

and peritoneal reflection, but also the peritoneal recesses. It was found no gross visceral and 

vascular changes, which could hinder the work.  

 

The manual repair of the spleen, traction was applied, slightly to the right and to the plan that 

the incision, placing it outside the cavity. Needle puncture of 7 mm long was introduced, the 

type hypodermic number 6, each, mounted and loaded in advance, with three micro-seeds 

biodegradable. Each of the three micro-seed is carefully left in the spleen tissue, at intra-

splenic. It was repeated up to 3 mm lateral and 1 cm above the first one.  

The abdominal wall was closed after local anesthetic injection of 1% lidocaine without 

vasoconstrictor, with suture in the parietal peritoneum continuous wired for cat-gut 

Needleloom 2-0 Chrome, the midline to separate points in''x''nylon Fishing 0.30 mounted, 

also in atraumatic needle. The subcutaneous tissue was approximated with simple points of 

cat-gut Needleloom 2-0 points simple and easy to skin with 4-0 nylon. BR ® LEPECID was 

administered in postoperative. Abdominal and perineal wounds were prepared after cleaning 

the same with 0.9% saline. Animal surgery was released to recover in cages, and the diet of 

water and food were already released.  

 

Radiography of the rabbits will be taken at 60 days later. Thus, they will be biopsied and the 

biopsies also be point out on radiography for evidence of seed´s degradation stage. Biopsy of 

each rabbit in group 1 and 2 will be performed, removing a small segment of the spleen, 

comprised by a strip of 3 cm long by 1 cm wide which had the seed in its middle portion. 

Each segment will be placed in plastic flasks and labeled separately, with the formal solution 

of 10%, and immediately taken to the laboratory for histopathology. Histopathological 

analysis will be performed with immunocytochemistry and morphometry of the spleen, 

noting changes in areas of relevance and cellular morphology. One of the samples from each 

group will be separated in order to make a study of the seed in individual mineralogical 

microscope. 

 

3. RESULTS AND DISCUSSIONS 
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Figure 1 – (a) Laparotomy; (b) splenic puncture; (c) three punctures; (d) lapararrhaphy. 

 

The set of 08 rabbits were operated, four with Sm:Ba seeds and four with only Sm seeds in 

accordance with the technique shown in Figure 1. Figure 2 shows the digitalized image of the 

region of the radiography in which the seeds can be shown. 
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Figure 2 – Radiographic digitalization depicts the implant region showing three Sm:Ba seeds 

on the rabbit´s abdomen for subjects 1(A), 2(B), 3(C) and 4(D).  

 
Rabbits were exposed to X-rays after 60 days of following up. Later, post-10 days, the rabbits 

were biopsied. Radiographs of the biopsies were prepared in order to demonstrate the 

degradation stage of the seeds. All radiographs depicted on Fig.3 showed the seeds, in shape 

of fragments.  

 

Three months later, four rabbits were operated. On those, Sm seeds without contrast were 

implanted, as the same technique above. After 48 h, a radiological exposition to identify the 

seeds was performed. In radiography of the rabbit 1 and rabbit 2, the three seed could be 

poorly identified, but in the radiological study of the rabbit 3 it was not possible to identify 

such seeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3 – Radiographic digitalized images of the biopsies showing the fragment of 

punctured spleens of the rabbits, with Ba:Sm seeds. 

 
The histopathological study revealed inflammatory process with acute-phase cells, and 

fibrosis and proliferation of fibroblasts, which could show an enlarging of the inflammatory 

response. Furthermore, it demonstrated the presence of giant cells of foreign body, as shown 

in Figure 10. 
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Figure 4 – Digitalized images of 03 radiography of the last group with Sm seeds (without 

contrast) implanted taken 48h after implants, showing subject 01, 02 and 05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 – Histopathologic study of a biopsy of the spleen at the region of the implant. 

 

 

4. CONCLUSION 

 

The current study showed that the radiography of Sm:Ba seeds presents higher contrast than 

the Sm seed without contrast. A set of three Ba seeds in one of the subjects could not be 
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identified. The reason may be due to the degradation process and/or anatomical changes 

resulting from surgery. The Sm:Ba seeds found in spleen of rabbits were better defined in 

radiography, both on a suitable opacity on the implant´s design compared to the Sm seed only  

taken on the splenic implants in rabbits.  

 

The histopathologic study showed a seed degradation in progress and foreign body reactions, 

as expected responses in this study (Figure 5). However, it is necessary to continue the search 

for the application of the radioactive seeds as a therapy in humans, due to its possible benefits 

such as reduction of harmful effects that radiation and extraneous cause in the functionality of 

the organs and therefore the welfare of the individual. 
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