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ABSTRACT 

Boron-10 (B-10) concentration in the brain tissue and blood was measured 
continuously for 24 hours after injection of the B-10 compound in live 
rabbits using prompt gamma-ray spectrometry. Following injection of B-10 
compound (Na?.Bl2Hl lSH, 50mg/kg) dissolved in physiological saline, B-10 
concentration was continuously measured in the brain tissue. Intermittently 
the concentration of B-10 in blood and cerebro-spinal fluid (CSF) was also 
measured. In 10 minutes after the injection of B-10 compound, the level of 
B-10 concentration reached the peak of 400-500 ppm in blood and 20-30 ppm 
in the normal brain tissue. In 60 minutes the level of B-10 concentration 
rapidly decreased and then a gradual decline was observed. The value was 15-
30 ppm at 3 hours after injection, 5-10 ppm at 6 hours and 2-5 ppm at 24 
hours in the blood. The concentration in the brain tissue was 3-8 ppm at 3 
hours, 2-5 ppm at 6 hours and below 1.5 ppm at 24 hours. B-10 concentration 
in cerebro-spinal fluid was below 1 ppm. 
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ABSTRACT 

Boron-l{) (B・10)concentration in the brain tissue and blood was measured 

continuously for 24 hours a恥 rinjection of the B-1O compound in live 

rabbits using prompt gamma-ray spectrometry. Following injection ofB-10 

compound (Na2BI2HIISH， 50mg/kg) dissolved in physiological saline， B-1O 

concentration was continuously measured in the brain tissue. Intermittently 

the concentration of B・10in blood and cerebro-spina1 fluid (CSF) was also 

measured. In 10 minutes after the i吋ectionof B-I0 compound， the level of 

B・10concentration reached the peak of 4∞・5∞ppmin blood and 20却 ppm

in the normaI brain tissue. In 60 minutes the level of B-l 0 concen岡山n

rapidly decreased and山ena graduaI decline was observed.百1evaIue was 15・

30 ppm at 3 hours after injection， 5・10ppm at 6 hours and 2・5ppmat24 

hours in the blood. The concentration in the brain tissue was 3・8ppm at3 

hours， 2・5ppm at 6 hours and below 1.5 ppm at 24 hours. B・10concentration 

in cerebro-spinaI fluid was below 1 ppm . 
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B-10 concentration was also measured in the brain tumor and blood in the 
human cases at boron neutron capture therapy (BNCT). These data studied 
by prompt gamma-ray spectrometry are very important and useful to decide 
the irradiation time. 

INTRODUCTION 

For boron neutron capture therapy, irradiation time depends on greatly on neutron flux and B-
10 concentration in blood, brain and brain tumors. Neutron flux can be measured by simul
taneous monitoring (acoustic pulse generation: Hayakawal986) or gold wires and foils placed 
where they are necessary for neutron monitoring. Therefore, to estimate clinical effect and to 
prevent damage of the normal brain tissue, it is indispensable to measure the B-10 concentra
tions in tumor and blood just before irradiation. In the former cases, B-10 concentration has 
been measured by chemical analysis. However, it was not easy to obtain the results during the 
irradiation. On the other hand, prompt gamma-ray spectrometry can measure B-10 concentra
tions within 10 minutes for lg sample. The current this method has a possibility to apply to 
direct measurement of B-10 concentration of tumor in a patients without any pretreatment and 
without large damage. In this study, we tried to measure the B-10 concentration of live animals 
and then we used it in the clinical cases. 

EXPERIMENT 

Adult New Zealand rabbits (n=6) of either sex weighing approximately 3 to 3.5kg were used in 
this study. Under general anesthesia by intravenous injection of pentobarbital (30mg/kg iv), a 
small burr hole (Ca.7mm in diameter) was perforated in the right parietal region of the skull 
using a dental drill. The brain surface covered by dura mater was coagulated and the animals 
were fixed to the measuring system. This technique was developed by one of our authors (T.K 
1983) and can measure boron-10 concentrations of ppm order. The detection range of the sys
tem is 0.1-O.Sppm boron concentration. The neutron guide tube of KUR has aguide part of 9.9m 
and a neutron beam size of 10 mm (width) X 74 mm (height). The fluence rate of thermal 
neutrons is 2 X 102 n/cmVsec with a gamma ray contamination of about lmR/h at an opening 
power of 5MW. The details of the prompt gamma-ray spectrometry were previously described 
(Kobayashi & Kanda 1981). A thermal neutron beam collimated by 6LiF tile with 5mm in di
ameter was delivered to the brain surface through the burr hole. Following intravenous injection 
of the boron compound (Na2Bl2HllSH, 50mg/kg) diluted in physiological saline, gamma 
emission from the target point on the surface of the brain was measured continuously. The 
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measuring time was 600 seconds. Blood samples (1ml) were intermittently drawn and was also 
studied. In 3 animals the atlant-occipital membrane was exposed following the midline skin 
incision and cerebro-spinal fluid (CSF) was also obtained. These materials were collected in a 
pure teflon tube for boron-10 analysis. After all procedures, the animals were sacrificed at dif
ferent time intervals (5, 8, 9 and 24 hours after injection of the boron compound) by venous 
injection of KCl(lmole : 10ml). The brain was immediately removed and the brain tissue was 
divided into four parts: cerebral cortex, cerebellar cortex, brain stem and basal ganglia. These 
materials were collected in pure teflon tubes and the boron-10 concentration of each area was 
measured by the same method. 

CLINICAL STUDY 

Blood and tumor samples were obtained from 15 patients (llmen and 4 women, raging age 
from 1 years to 76 years) who underwent boron neutron capture therapy at KUR between Feb
ruary 1990 and November 1992. All samples were collected in pure teflon tubes and the B-10 
concentration was measured by prompt gamma ray spectrometry during BNCT. The measuring 
time was 300 seconds. 

RESULTS 

The standard samples with various B-10 concentrations 1,10 and 30 ppm were made by diluting 
the JIS standard solution. "> B/H (ratio of gamma radiation from boron-10 to gamma radiation 
from hydrogen in tissue) of the standard samples were used to calculate the boron-10 concen
tration of all samples. However, the concentration of boron and hydrogen might not be homoge
neous in biological samples, so that the boron-10 concentration of brain tissue of live animals 
was demonstrated in terms of t0-B/H (Fig. 1). In 10 minutes after the injection of the com
pound, the boron-10 concentration reached its peak. In 60 minutes the level of the boron-10 
concentration rapidly decreased and then a gradual decline was observed. At 3 hours, the value 
of l frB/H was 0.2-0.4 and at 5 hours the ratio was 0.1-0.2. After 12 hours the mean ratio of , ( tB/ 
H was below 0.1. The boron-10 concentration of blood showed similar changes as in brain 
tissue (Fig. 2). In 10 minutes after the injection of the boron-10 compound, the level of boron-10 
concentration reached the peak of 400-500 ppm. In 60 minutes the level of boron-10 concentra
tion in blood rapidly decreased and afterwards a gradual decline was observed. The value was 
15-30ppm at 3 hours after injection, 5-10ppm at 6 hours and3-8ppm at 18 hours in the blood 
(Fig 1). On the other hand, boron-10 concentration in brain tissue of the sacrificed animals 
showed lower value. In the cerebral cortex it was below 1 ppm 5 hours after injection of the 
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boron-10 compound. Only in the brain stem, boron content of 3 ppm was noted at 5 hours (Fig. 
3). Boron-10 concentration in the cerebro-spinal fluid was below 1 -ppm in all animals 
(Tablel). 
Clinically, the attenuation of boron concentration in patient's blood was similar to that in the 
experimental model (Fig 3). In all cases irradiation was performed under the B-10 concentration 
between 7ppm-15ppm. Tumor to blood ratio of the B-10 concentration was 1.5-2.7 (Fig .4 ,5) 

DISCUSSION 

The radiation doses in the tumor and in the normal brain of a patient treated by BNCT are 
determined by neutron fluence and concentration of B-10 in the tumor and in the blood. Neu
tron intensity in the brain is influenced by many factors, such as the distance between the pa
tient's head and the irradiation port, the size of the irradiation Meld, and the depth of the tumor. 
The time course of the change of B-10 concentration in blood showed a similar pattern in each 
patient. However, it is also influenced by such factors as patient's physiological condition, age 
, dehydration, renal function and injection speed of the B-10 compound. Therefore in situ 
measurement of B-10 concentration of brain tumor and normal brain tissue around the tumor 
during the irradiation of patients are essential for a successful BNCT. In this study we investi
gated the gamma emission ratio10 B/H of the brain tissue of live rabbits using prompt gamma ray 
spectrometry and compared the value to that of blood. In in vitro study, the concentration of 
boron and hydrogen can be assumed to be homogeneous in the tissue, so that prompt gamma 
rays emitted from hydrogen can be used for the normalization. It is yet difficult to estimate the 
accurate standard data for in vivo study. In this study, B-10 concentration of the brain tissue 
was demonstrated using the ratio of B-10 to H (hydrogen) and the absolute value was not ob
tained. In this measuring system B-10 concentration was determined by comparison with 
known sample data: ratio of B-10 to H. If we compare the ratio of in situ 10-B/H with that of the 
in vitro study, 10 ppm corresponded to 0.54+0.03 in 10-B/H. If so, the B-10 concentration in the 
brain tissue of a live animal was 3-5 ppm. However, the B-10 concentration of the sacrificed 
brain tissue at the same time interval was below 1 ppm. This discrepancy may be caused by the 
differences of blood volume between the live brain and the sacrificed brain and the surrounding 
tissues such as dura mater and bone which contain different concentration of boron and hydro
gen. There are still a few problems to make control models. However, gamma ray spectrome
try will be a very useful method, not only for experimental use but also for clinical purpose. 

This work has been carried out in part under the Visiting Researcher's Program of the Research 
Reactor Institute, Kyoto University. 
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