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ABSTRACT 

 

Herein, the deleterious effect of ionizing radiation provided by Ho-166 radioactive 

seeds at low activity were addressed, based on experimental in vitro assays at the MDA 

MB231 cell lineage, a breast adenocarcinoma, compared to PBMC – peripheral blood 

cells. The methodology involves of the MDBMB-231 and PBMC expansion in culture 

in suitable environment in 30mm well plates and T-25 flasks. Seeds were synthesized 

with Ho-165 incorporated and characterized previously. Activation was processed at 

IPR1 reactor at the peripheral table, at 8h exposition. Three groups of seeds were tested: 

0,34 mCi, 0,12 mCi activity, and control group.  Such seeds were placed on culture and 

held to a period of 05 half-lives of the radionuclide. The biological responses at these 

exposure were documented by inverse microscopic photographic in time. Also, MTT 

essay were performed. A fast response in producing deleterious effects at cancer cell 

was observed even if for the low activity seeds. Also, a biological response dependent to 

a radial distance of the seed was observed. At conclusion, viability clonogenic control 

of MDAMB231 is identified at the exposition to Ho-166 ceramic seeds, even if at low 

activity of 0,1 to 0,3mCi. 

 

 

1. INTRODUCTION 

   

There are at least eight different histopathology categories from breast cancer 

(WEINBERG, 2008). Adenocarcinoma of mammary gland is a derived tumor of 

secreting epithelial cells. The MDAMB-231 cellular lineage is an adenocarcinoma from 

breast immortalized and available for research in vitro. This is aneuploid originating 

from a woman subject. (WEINBERG, 2008)  Lineages of tumor cells supply an 

important model to verify the deleterious effects of the ionizing radiation on cells. 

Biological effects of the ionizing radiations can be appraised through biochemical 

rehearsals and  molecular biology, involving resistance and sensibility in vitro. Lines of 

cells MDAMB-231 and MCF-7 are used for investigation of the cancer of human breast. 

Radiosensitivity of MCF-7 was demonstrated while radiation resistance of the  

MDAMB-231 was demonstrated in the dose 10 Gy (Hunakova et al, 2000). Studies 

proposed a resistant model to radiation through clones of MDAMB-231 for irradiation 

at low LET fractioned with 40 or 60 Gy, 2 or 4 Gy by fraction. These studies 
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demonstrated the behavior of radiation resistance of the lineage MDAMB-231. (Pearce, 

2000) Investigations developed by the NRI research group compared this lineage 

MDAMB-231 with cells of the human blood (PBMC) at low LET of Co-60 with doses 

of 10, 25  and 50 Gy. The results demonstrated radiation resistance of this cancer 

lineage of human  breast, while the cells of the human blood presented radiosensitivity 

in whole tested doses, showing that MDAMB-231 are capable to survive the radiation, 

in spite of having received doses  from of Co-60 enough to stop proliferation. (Andrade 

et al, 2001)   

The radiation therapy is applied to the treatment of the neoplasia of the breast. The usual 

protocols involve Co-60 or X-ray from particle accelerator, electron therapy or 

combined gamma-electrons. Tangential field is used with fractions of 1,8-2,0 Gy to 

doses up to 45-50Gy and energy of the electrons beams of 10 to 15 MeV for 4-5 weeks. 

In spite of the clinical effectiveness of these treatments, several protocols present 

therapeutic failure and recurrence of the disease after the radiotherapy. On the other 

hand, cellular lineages of the neoplaia of breast present radioresistence behavior after 

gamma irradiation up to 50 Gy non-fractioned.(Andrade et al, 2003)  Then, It is 

proposed the following question: what can be made to control radioresistant breast 

lineages, or recurrent tumors in situ after radiotherapy?  

 

The objective of this work presents the preliminary results of the biological in vitro 

response of the MDAMB-231 lineage to the exposure of radioactive microseeds of Ho-

166 of high dose rate and very low activity. The main objective is to demonstrate that 

there is light at the end of the tunnel, and situations of radioresistant tumors can be 

addressed and controlled by devices with controlled emission of radiation, high dose 

and dose rate deposited in short periods of time, with limited spatial distributions of 

dose.    

 

   

2. METHODOLOGY 

   

Synthesis of the seeds.  A group of seeds was synthesized using the sol-gel technique 

incorporating holmium in its strucutre, provided by Ho(NO3)3 from Alfa Aesar 

(Johnson Mattehy Company),  in stoichiometric proportional concentration of 20% in 

weight. The ceramic seed is composed of ceramic including Si, Ca and Ho elements.     

 

Activation of the seeds.  Groups of seeds were irradiated in the reactor TRIGA, IPR-

R1@100 kW, in the position of lateral table to the reactor core, with thermal flow of 

6.6x10
11

 n.cm
-2

.s
-1

 and epithermical flow of 2.97x10
10

 n.cm
-2

.s
-1

 for a period of 8h.  The 

irradiation samples were removed and put in shields.   

 

Concentration of Ho-165 and activity of the seeds. The holmium concentrations (Ho-

165) presents in the seeds were measured by espectrometry UV/Vis, previously. In 

addition, the activity of the powder-irradiated samples was measured in dose calibration 

CAPINTEC.   

 

Cellular lineages and maintenance of culture in vitro. Flasks for cellular culture T-25 

Corning
R
 and six wells TPP plates were used. PBS, DMEM, gentamicin, penicillin, 

estreptomicin were obtained from Sigma
R 

Chemical Company, and bovine fetal Serum 

(BFS) and PHA from Cultilab
R
. Cells of human mammary carcinoma MDAMB-231 

were donated kindly by Dra. Mirian Paz from the Department of Pharmacy of the 
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Institute of Biological Sciences - ICB/UFMG. The cells were maintained in medium of 

culture DMEM supplemented by 10% of SBF and the antibiotic gentamicin (50 g/mL), 

penicillin (500U/mL) and estreptomicin (50 g/mL) in flasks of culture T-25 in humid 

atmosphere contends 3%  CO2 at 37
o
C. Cellular feeding was made with medium change 

at each 2 or 3 days. Flasks confluence was produced for the experimental assays.   

 

Separation of the PBMC cells. The peripheral blood mononuclear cells were separated 

according to procedure described by Gazzinelli et al (1983). The heparized blood  was 

applied in tubes of 50 mL (Pyrex Laboratory Glassware), siliconized contain a mixture 

of Ficoll-diatrozat, obtained commercially (LSM - Lymphocyte Separation Medium, 

Organon Teknika Corporation, Durhan, NC), in the proportion of a part of Ficoll-

diatrozat for two parts of blood. The preparation was submitted to centrifugation by 40 

min to 400 X g at room temperature. At the end of the centrifugation it was obtained a 

ring of mononuclear cells in the interface between Ficoll and the plasm, which was 

removed carefully with the aid of a pipette Pasteur (Thomas Laboratory Specialities) 

and transferred for tubes of conical fund of 50 ml, sterile (2070 Graduated conical tube, 

Falcon). The volume was completed for 50 mL of medium of culture MEM (Minimal 

Essential Medium, GIBCO) and the centrifugation was proceeded (10 min, 400 X g, 

4ºC). The cells were washed for twice being used about 30 mL of MEM medium. At the 

end, the cells were resuspended in 2 mL of medium of culture RPMI-1640 (GIBCO). 

An aliquot of the suspension of cells was diluted (1:20) in solution of Turck's, and the 

certain number of cells through counting in Newbauer chamber, with the aid of an optic 

microscope. The concentration of cells was adjusted for a suspension contends 1.0 X 

10
6 

cells/mL RPMI-1640. All manipulation of the cells was accomplished in sterile 

conditions, in laminate flow chamber.   

 

Evaluation of viability. The cell aliquots of  MDAMB-231 and PBMC were removed of 

the culture flasks, during irradiation. The triplicates of aliquots of different times of 

irradiation was put in 1x8 wells plates and maintained in incubation by 24 h. In the 

times indicated 20uL were added (5mg/mL) of MTT (3-(4,5dimethylthiazol-2yl)2,5-

diphenyltetrazolium bromide) in each well and the samples came back for the incubator 

where MTT metabolized and stayed for 2h. After metabolization the samples were 

added 70L of medium with 10% and the plates were incubated for more 18 hours. The 

cellular viability was measured by the optical density using ELISA reader in the 

wavelength of 595nm.    

 

Control assay.  MDAMB-231 cells were plated in vitro in T-25 coorning flask and 

maintained in cultivation until confluence. Such cultures were photographed by inverted 

microscopy, whose pictures are used for morphologic analysis of the cells. This flask 

was maintained as control for the experiments 1 and 2. The same was made with two  

plates of six wells TPP type and maintained in culture until confluence.   

 

Time irradiation zero. The moment of radiation was defined when the flasks of test 

presented confluence of cells. In this situation, the radioactive sources were put inside 

of the flask or the flasks were placed under the radioactive sources, as described in the 

experiments.    

 

Experiment 1: Analysis of the deleterious effects, formation of halos and viability 

evaluation. MDAMB231 cells were plated in vitro in six-wells TPP plates and 

maintained in cultivation until confluence. Three wells received 03 seeds of 0,1mCi 
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(3,7MBq) placed external  to the flask, glued in the fund of the same ones. Two wells 

were used for irradiation with 02 seeds of Ho-165 with activities of 0.34mCi, supported 

in wires immerged in the medium of culture, suspended 2 up 3 mm of the bottom. Such 

seed was also inserted in a tube of plastic of 1mm of diameter and 10mm of length and 

this inserted in a wire of stainless steel supported by an acrylic fixation, that maintained 

the suspended seed on the medium of culture. In one confluent well the lineage was kept 

as control. Such cultures were photographed by microscopy inverted in different 

periods, taking photos together in the center the seeds and in the periphery of the well, 

distant 15-20 mm of the seeds, in periods of 24, 48, 72 and 96:00.  Such devices were 

maintained irradiating for 5 serial days (120 hours). Sobrenadant aliquots of 100 L in 

triplicates were removed of each well in radial distance  approachning 5 mm of the seed. 

Such procedure repeated at each 24, 48, 72 and 96h.     

 

Experiment 2: The formation of halos in T-25 flask and plates with 6 wells, comparative 

MDAMB231 and PBMC  in the presence of PHA. MDAMB-231 cells were plated in 

vitro in two T-15 coorning flasks and maintained in cultivation until confluence. Such 

cultures were photographed by inverted microscopy, whose pictures are used for 

analysis of the deleterious effects in the cells. The two T-25 flasks were used for 

experimentation with irradiation.  For the irradiation, a seeds holder was projected and 

built. This device is constituted of a segment of acrylic suspended by stainless steel 

wires. The devices were sterilized previously in an autoclave. In each flask was inserted 

one devise holding seeds immersed in the culture medium. The device was 

photographed previously. The seeds were inserted in tubes of 1 mm diameter and  15 

mm of length of plastic polymer and  these segments are set on stainless steel wires 

arranged on the acrylic segment device. After sterilization, the device is inserted in the 

T-25 flask and maintained in immobile position by six serial days.    

 

MDAMB231 cells were plated in vitro with PHA in 2 wells TPP plates and maintained 

in cultivation until confluence. Each well received a seed of Ho-165 of 0,34mCi 

immerged in the center of the flask, held in an acrylic support. These were maintained 

in exposure by 05 serial days.   

 

Cells PBMC was plated in vitro with PHA in 2 wells TPP plates and maintained in 

cultivation until confluence. Each well received a seed of Ho-166 of 0.34mCi immerged 

in the center of the flask, held in an acrylic support. These were maintained in exposure 

by 05 serial days.   

 

Experiment 3 - Analysis of deleterious effects dependent on activity and MTT analysis.  

MDAMB231 cells were plated in vitro in three T-25 Coorning flasks and maintained in 

cultivation until confluence. Such cultures were photographed by inverted microscopy, 

whose pictures are used for morphologic cells analysis. The three flasks T-25 were used 

for experimentation with irradiation, and each flask was positioned on a Ho-166 seed  

with activities of 0,3mCi, 0,6mCi and 1,2mCi. In this experiment the radioactive source 

was place external and back the culture flask, near the cells in vitro. The seeds are 

inserted in tubes of 1 mm x 15 mm of length of plastic and these polymer segments 

were fixed in a teflon tray. Such tray is put inside of a lead box with cover. The flasks 

T-25 were positioned on the teflon tray over the seeds. The group is placed into the 

stove and maintaining for four serial days. To each 24:00h  aliquots of 0,3mL were 

removed for analysis of protein expression, latter.   
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3. RESULTS AND ANALYSIS 
   

Control experiment. The control experiment showed the ability of the cells 

MDAMB231 filling the T-25 flask and to remain clonogenises and confluence at 48h  

without medium change. The control experiment also showed that after 72h the 

concentration of cells is high and the cellular density takes to the high consumption of 

nutrients of the supplemented turning it acid due to the products excreted in period of 

time of 70-120h, in the conditions of no change of culture medium. This observation 

was confirmed in the experiments 1 to 3. Thus, deleterious effects in the cells after 100 

h is expected from reducing the quality of the medium of culture supplemented. The 

figure 1 illustrates the density of cells after 24, 48 and 72 hours in control flask.   

   

   

   

   

   

   

   

   

Figure 1 - Pictures 200x or 400x of  MDMB-231 cells initially confluent after 24h, 48h 

and 72h, taken on the control flask. 

   

Experiment 1. Analysis of  deleterious effects, halos and viability evaluation.   

   

   

   

   

   

   

   

Figure 2 – Photographs taken from the experiment with six wells TPP flask. Photo of a 

stained well where a seed of Ho-166 of 0,1mCi was placed in suspension wire, stained 

after 120 hours.   

   

   

   

   

   

   

   

   

   

 

 

 

 

 

Figure 3 – Photography of MDAMB-231 cells 100x initially confluent, taken in the 

border of the well n.1, n.2 and n.3, distant 20mm of the seed, and central area (close to 

seed) under irradiation of Ho-166 with 0.1mCi and period of exhibition of 24h and 48h.   
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Figure 4 - Pictures 100x, 200x, 400x of  MDAMB-231 cells initially confluents, taking 

in the border of the well n.4, distant 20 mm of the seed and central area (close to seed) 

under irradiation of Ho-166 with 0.3mCi and period of exhibition of 24h, 48h and 72h.   

 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

 

Figure 5 - Pictures 400x of MDAMB-231cells initially confluents after 120h of 

cultivation, taken from the well exposed to the source of 0,1mCi and 0,3mCi.   

 

Analysis of the provided images of the flasks with cells of the lineage MDAMB-231 

during the irradiation suggested the existence of apoptotic processes. The Figure 2 
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shows MDAMB-231cells irradiated obtained from non-irradiated control flask and the 

Figures 3 to 5 show pictures of cells in times of different exhibition. The apoptotic cells 

presents a morphology differentiated in relation to the size and granularity, being much 

more granular than those that who didn't suffer the current damages of the radiation. 

There are indications of vacuoles presence and apoptotic bodies exist. There is also the 

presence of misshapen cells with possible necrosis indication.     

   

Experiment 2 – The formation of halos in T-25flask and plates with 6 wells, 

comparative PBMC and MDAMB-231 in the presence of PHA.   

   

   

   

   

   

   

Figure 6 – Photos obtained of  MDAMB-231 cell lines after irradiated by Ho-166 seeds 

with activities of 0.34 mCi (MBq), in period of 5 days. 

   

The lineage MDAMB-231 was maintained in cultivation and irradiated with seed set in 

acrylic support with activity of 0,34mCi. The bottle had a colored halo can be seen in 

Figure 6. Side spots are observed that represent in the flask and should not be confused 

with the halo at the left. As there was slight movement of the flask, the circular halo is 

not present as expected.     

 

  

   

   

   

   

   

 

Figure 7 – Photographs obtained of lineages of  PBMC cells with PHA, irradiated with 

activities of seeds of Ho-166 of 0.34mCi (MBq), in period of 5 days. 

   

Analysis of the deleterious effects in PBMC lineages was observed, as shown in Fig.7. 

Herein, it observed total deployment of the PBMC cells when observed 24h after the 

placement of the seeds. The cells didn't stay fixed in the well in the PBMC experiment 

and could not be stained. 

 

Experiment 3 - Analysis of deleterious effects dependent on activity and MTT analysis.    

 

Distinct levels of deleterious effects were observed in flasks with activity of 0.3, 0.6 and 

1.2 mCi. However, microphotography analysis does not show proportional difference 

on that in function of activity. It may happen since source placed outside plate (3mm far 

from cell surface) makes cells out from maximum dose region (near surface´s seed).   
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Figure 5 – The survival curved determined by MTT test, before and after exposure of 

culture in vitro of lineage of mammary adenocarcinoma MDA MB-231 in the doses of 1 

and 5 Gy, respectively. The black bar represents the control of not irradiated cells. The 

clear bar ash represents culture supernatants irradiated with 1 Gy and the dark bar ash 

represents culture supernatants irradiated with 5 Gy. The bars express the triplicates 

average and the deviation-pattern for cultures in vitro of the lineage MDA MB-231, 

which it was added the supernatants of culture of bottles that were irradiated in the two 

doses and also for the respective control (it didn't receive the supernatants and it was not 

irradiated).    

   

MTT metabolisation was investigated in MDAMB-231 in contact with to the soluble 

products produced by 1 and 5Gy irradiated cells. It was important to verify if the 

irradiated cells can induce viability alteration in surrounding naïve cells. The data 

presented in Figure 5 show the curve of cell viability of MDA MB-231 strain after 

exposure of the bottles in vitro culture of these cells at sobrenadant products from cells 

exposed to doses of 1 and 5 Gy, respectively. The data do not point statistically 

significant decreasing in cell viability after the addition of culture supernatant with 

01Gy irradiated cultures to non-irradiated one (unirradiated control in culture). Indeed 

possibly co-factors or enzymes produced by irradiated cells were unable to induce cell 

viability "naive", not irradiated. To 5 Gy, 20% decreseasing is observed in comparison 

to control taken at 12h after exposition. It suggest that halo production by radioactive 

microseeds can be generated by radiation direct effects (DNA lesion and short indirect 

free-radical action at short-time) added to soluble proteins produced by irradiated cells, 

which effects naïve cells. This two effects are present on the halos generation by 

radioactive seeds on brachytherapy.  

 

   

4. CONCLUSION 

   

The microscopic analysis of the cells exposed to the radiation of individual seeds of Ho-

166 of low activity demonstrated that these are in process of cellular death. Even in 

situation of low activity (0,1mCi) it is possible to identify a halo of clonogenic control 

of MDAMB-231 cells. It is also possible to verify that with activities of 0,3mCi the 

biological response is processed faster than when with activities of 0.1mCi.    

 

The experiments do not aimed to enhance the deleterious effect of the radiations of Ho-

166 in MDAMB-231 cells, on the contrary, demonstrate that such effect is perceptible 
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in low activities. The irradiations of the seeds were developed in lateral tubes to the 

reactor IPR1/CDTN whose thermal flow and epithermal get to be 6 to 10 times minor 

than the same ones in the center of the core of the reactor. Superior activities in the 

same order of greatness can be obtained in this irradiation position with the same 

exposure times. Thus, radioactive seeds of 3 to 6 mCi can be produced, with same 

dimensions and concentrations in mass of Ho-165.  Halos with more expressive 

dimensions can be obtained in these conditions. Such experiments with these conditions 

are in progress.   

 

Experiments with fluorescence microscopy using propidium iodide in bright field and 

dark to better separate the apoptotic cells from viable cancerous cells, and extensive 

evaluations of viability by MTT are also in progress. 

  

The conclusion is control radioresistant cancer cells, as MDAMB231, can be achieved 

employing radioactive Ho-166 microseeds in brachytherapy implant in situ. 
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