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♦ TECHNICAL PROGRFSS REPORT 

Abstract: 

We are continuing to investigate fully the biological properties of 
certain oxidized B^H^SH""^ derivatives and polyhedral borane phosphates 
which have demonstrated extremely encouraging tumor binding capacities in our 
rat tumor model. This is being carried out with the view to evaluating their 
suitability on which to base a boron-10 neutron capture therapy trial in 
man. 

Biological testing will include appraisal in a rat model gliomas 
histologically similar to common h-.-'an gliomas, and in patients with gliomas 
in whom boron concentrations in the relevant tissues will be determined during 
craniotomies for their tumors. 
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'rincipal Investigator: 
Current Term: 
Remainder of Current Term: 

William H. Sweet, M.D., D.Sc. 
8/1/72 - 4/30/73: 
5/1/73 - 7/31/73: 

8 hours/week 
8 hours/week 
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TECHNICAL PROGRESS REPORT: • 

Introduction: 

In view of a number of highly encouraging private communications to us 
from Dr. Hiroshi Hatanaka concerning the success of a boron-10 neutron capture 
therapy tria] on pati-ents with gliomas which he is undertaking in Japan, we 
considered it essential to pursue the leads ,he has found fruitful as fully as 
possible in our laboratories. (See Tables I, II, III). 

Dr. Hatanaka has been using the compound K^BJ^H-QSH in our laboratory 
first conceived and synthesized by Dr. Soloway and tested biologically by us. 
In Lis latest letter to us dated April 11, 1973 he describes 3 patients with 
glioDlastomas now living 21, 15 and 11 months respectively after his neutron 
capture therapy. The latter 2 patients each had a right hemiparesis and aphasia 
before neutron capture therapy and are stated to be working normally now with no 
speech or other neurological 'deficit and no other evidence of recurrent tumor. 

> i 

I 
This investigation was carried out at the expense of our originally planned 

boron synthesis work outlined in our proposal a year ago. 
I. Biological Studies: 

We will discuss here the following phases of our boron research: 
1. Uptake studies, using as the model the rat, bearing subcutaneous 

glioma. 
2. Human studies. 
3. Dog irradiation studies at the M.I.T. reactor. 

1. Uptake studies of Bj^H^SH in the rat bearing subcutaneous glioma. 

Aim: To determine whether repeated administrations of BJOHTISH"^ would 
be more effective in producing high boron concentrations in neoplastic tissue at 
useful heron concentration ratios tumor to blood and tumor to brain than a single 
administration of the compound. 

Two groups of rats bearing subcutaneous tumors were administered Na2B^2Hj^SH 
in dosages of either lOmg B/kg body weight or 50mg B/kg body weight by a 
single intraperitoneal injection. I.P. injections were used because previous 
experiments using I.V. injections had produced inconsistent and widely varying 
results. These animals were sacrificed in groups of four at intervals from 1 
hour up to 72 hours after injection. In an attempt to cover time intervals of 
less than one hour a further group of animals were given slow intravenous 
injections of lOmg B/kg body weight in the tail vein and sacrificed at 15 
min., 30 min. and one hour after injection. 

A summary of boron analysis data fo1" tumor, blood, brain and muscle is 
given in Tables vill &. IX. Figure 1 . -,'. depic% the tumor and blood boron 
concentrations as a function of time. 

On the basis of these results the following conclusions may;be-idrawn: 

1. The concentration of boron in tumor attains that of the blood 
within 2 to 6 hours, but there is unfortunately no major retention of this 
compound', by the tumor, i.e. only at from 10 to 50 hours after injection is 
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tumor:blood ratio greater than 1. At this time the total concentrations in tumor 
are too low to be of protracted value for an irradiation with slow neutrons. 

2. The higher dose curve shows a lower rate of decrease of boron 
concentration in the tumor vs. the blood than does the lower dose curve. 

3. The boron concentration in tumor follows sufficiently closely that 
of the blood, once the 2 curves intersect, that there is no advantage apparent 
to repeated administrations of this compound. 

4. Boron administered at the low dosage is virtually completely 
lemoved from the blood and tumor in approximately 10 hours. This situation 
occurs in the blood in the high dose animals in approximately 70 to 80 hours. 
This conclusion is also substantiated by the uptake studies in man (see Part 3 
in this section). 

Furthermore, in light of previous rat data with less pure batches of 
B^2HnSH"2 it appears that as the purity of these preparations has increased 
(the present material is extremely pure judged by our sensitive thin layer 
chromatography systems) the tumor binding capacity has decreased. 

2. Human Studies: 

In order to resume treating glioma patients using boron neutron 
capture radiation we need to know: 

1) The amount of boron compound to be administered to them in order to 
obtain a high boron concentration i i tumor to nake the presence of boron in or 
near a cell the main determinant of the radiation it receives. 

2) The curves of relative concentrations of boron in tumor, blood and 
normal brain following various routes and types of administration. Although the 
boron compound manufactured in Japan was chemically proven to be the same as 
that made here at the Massachusetts General Hospital and even though Dr. Hatanaka 
had been able to administer up to 50 mg B/Kg (see Table I) to his patients in 
Japan, we felt that it would be advisable for us to start giving our patients 
here a very small dose of boron. If they could tolerate small amounts we would 
then be at>le to increase the dose. 

Our chemist, Dr. Wellum, had first to make enough of the Na2B^2HllSH for 
our studies here. This was made first as the more stable cesium salt. At this 
time the concentration was adjusted to 12.9 mg B/ml, which is isotonic for 
this compound. The pH was adjusted to between 7.2 and 7.4. It was then sterilized 
by passing through a 0.2 micron Nalge filter unit and placed in sterile capped 
bottles. The patients were infused via a catheter placed in the internal 
carotid artery on the side of the tumor. In order to be positive that the 
catheter was properly placed we carried out this procedure in one of our 
neuroradiology rooms. The boron solution was injected very slowly over a 
period of 1-2 hours at the rate of 1 ml (12.9mg B)/minute. To keep the 
flow rate constant a Harvard Apparatus Infusion Pump was used. 



During the past year 8 patients were given irom 1-2].7 mg B/Kg of 
NaoB^oHiiSH without any adverse effects. They were operated on (craniotomy) 
for brain tumor removal from 12.5 to 38 hours following infusion. In all but 
2 cases the time between tnc end of the infusion and the tumor biopsies was 
from 12 to 16 hours, which is the tine Dr. Hatanaka believed to be optimal. 
At operation we took samples of tumor, normal brain, blood and sometimes muscle 
and bone for boron analysis. The highest tumor uptake was found to be 14VB/gm 
in patient F.S. who received 16 mg B/kg. His Tumor/Blood ratio was 1.6, 
However, for all other patients the T/B] ratio was less than 1, which was 
discouraging. (See Table IV for more complete details of this study.) Five 
patients' tumors were classified by the Massachusetts General Hospital 
neuropathologist as glioblastoma multiforme, and 3 were primary intracranial 
reticulum cell sarcoma. 

Blood clearance curves were obtained for all 8 patients. Blood samples 
were drawn for boron analysis at the following times: preinfusion, immediately 
following the end of the infusion, early in the morning of the day of operation, 
several times during the operation, at the end of the operation and then 1-2 
times daily for a total of 8 days, (see Figures 2,3/* ) at which time the boron 
has cleared from the blood. In every case the operation was performed when 
the boron level in the blood was relatively high. 

Boron excretion in urine was also followed. Twenty-four hour urine 
collections were made over a period of 1 week. Output curves for 4 patients are 
included in this report ( see Figure 5). • Most of the boron appears in the 
urine during the first two days. (See Figure" 5). •* , • One patient (F.S.) 
excreted 857« of total dose. (See Fig. 5 ). Patient J.S. had had one kidney 
removed, which would account for a continuing rise over several jays in his 
boron output (see Figure 5 ) instead of a levelling off after the first two days 
as was the case in the other 3 patients. 

Two patients died at four and 5 days respectively after their operations. 
(Their deaths were not attributed to boron toxicity but to the nature of their 
tumors). Tissue samples of all organs were taken at autopsy and analyzed for 
boron content (see Table V). Those organs from the patient receiving 18 mg B/Kg 
having an uptake of more than 3vB/gm were: scalp, skin, kidney, lung and 
thyroid. Normal brain contained less than 0.6YB/gm. The boron concentrations 
in all tissues analyzed were comparable for the two patients and were also 
similar to the results obtained for trial dog #1 (see following section). 
There is no organ which is storing boron in amounts giving rise to fear of 
late or cumulative toxicity. 

3. Dog Irradiation Studies at the M.I.T Reactor 

The limiting factor in determining t're radiation dose in man in the 
proposed procedure is, we think, the dose just tolerated by the blood vessels 
in the normal brain. They must not develop a radiation fibrosis and a 
consequent ischemic necrosis of the normal tissue. This dose has never been 
deterrrined. We hope to approximate it for man by a series of irradiations on the 
normal canine brain. The configuration of the irradiation portal at the M.I.T. 
Reactor operating room has been selected which will be approximately that for 
the human radiations. This will keep the ratios of fast neutrons, slow 
neutrons and gamma rays the same in the dogs as in the patients - obviously an 
important factor in increasing the validity of extrapolating from dog to man. 
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Collaborating with Dr. Hatanaka we^irradiated 7 dogs at the M.I.T. 
reactor's operating room. Before giving the dogs the enriched l̂ B we infused 
one dog (Trial Dog #1) with non-enriched Na2Bi2'HlL-c>H (35mg/Kg). The purpose 
of this was 4-fold: 

1) To be certain the boron was not toxic at that hieh level before 
giving enriched B. 

2) To work out the infusion procedure. 

3) To follow the concentrations in the blood. 

4) To determine the amount of boron in each organ at autopsy (four 
days post-infusion). , 

Trial Dog #1 was given 34.8 mg B/Kg in the form of Na2B]2Hi^SH synthesized 
by our chemist, Dr. Wellum. This solution was prepared and sterilized in the 
same manner as the boron compound administered to our patients (see Part 2 of 
this section of the progress report). The dog was anesthetized with pentobarbital. 
Using sterile technique, an incision was made in the neck exposing the right 
common carotid artery. The boron solution was diluted up to a total of 200 ml 
with normal saline (about 1:6 dilution, or 2mg/ml) and infused in the 
exposed artery over a period of 1 12" hours. Our Harvard Apparatus Infusion pump 
was also used to keep the flow rate both slow and constant. Blood samples, to 
be analyzed for boron content (see Figure 6 )> were taken at the following 
times! 30 min., 1 hour, 2 hours, 6 hours, 24 hours, 76 hours, 95 hours, after 
the end of the infusion. This dog was sacrificed five days after the infusion 
and hi-, tissues were analyzed for boron content (see Table V). 

Trial Dog #1 showed no adverse effects to 35 mg B/Kg, hence we 
proceeded with the irradiations using enriched. iUB. The first series was 
composed of 4 dogs. Two received 48 mg B/Kg and the other two received 24 mg 
B/Kg of 97.27. I0B enriched Na2B12

HllSH> B a t c n #4616. This compound was made 
by Shionogi Research Laboratory, Osaka, Japan and was brought here for these 
irradiation studies by Dr. Hiroshi Hatanaka who has been collaborating with 
us in this work for many years. Each dog \*as anesthetized with nembutal, the 
carotid artery was exposed under sterile conditions, and a #23 gauge needle placed 
in the artery for intraarterial infusion of the boron solution. The infusion 
time was approximately one hour for each dog except R-Dog #3 (20 minutes). 

The dogs were taken to the Therapy room at the M.I.T. Reactor and were' 
irradiated 21-22 hours after the end of the infusion. A craniectomy with a 
22 mm trephine was done in the right fronto-parietal region for R-Dog #1. (In the 
rest of the dogs, the opening was made a little more posteriorly to avoid 
radiation to the pituitary gland). 

To attach the LiF-loaded collimator (cylindrical annulus with an I.D.= 
1.0", O.D. = 1.50"), the right temporal muscle was excised. R-Dog ,','3 had 
craniectomies on both sides since the dura was inadvertently opened on the 
1st side. The second side was irradiated. 

For infusion data see Table VI. 

For radiation doses see Table VII which are computed from gold foil 
placed on the dura and skull. 
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Blood.was drawn for analysis of boron content using the following 
schedule: preinfusion, preradiation, post-radiation, at intervals during the 
following week and then weekly for 3-4 weeks at which time the level of boron 
in the blood was less than 0.5yB/ml (see Figure.~7 ). This series of 
dogs was irradiated on September 26, 1972; all are still alive (7 months). 
Dr. P.K. Seghal, veterinarian, at the Harvard Research Center, Southboro, 
Massachusetts, where our dogs are housed, sends us periodic clinical records 
of all the dogs, including complete blood chemistry. His latest report 
dated April 24, 1973 states "there are no signs of any sickness or any. 
noticeable change in neurological behavior. All animals look in good physical 
condition". They will be sacrificed at intervals and their.tissues will be 
examined histologically by our chief of neuropathology, Dr. E.P. Richardson,for 
radiation or other injury. 

Before irradiating a second series of dogs, Dr. Sweet and Dr. B.W. Murray 
(Physics Research Laboratory, Massachusetts General Hospital) improved the 
neutron collimation onto the dog's brain. To accomplish this, we performed a 
series of developmental studies at the M.I.T. Reactor which culminated in the 
neutron irradiation of R-Dog #5. The neutron collimator was redesigned from 
that used in the first series to a tapered cylindrical annulus of LiF-loaded 
plastic (see Figure g) . Better to protect'non'-cerebral tissue:: near . the Irradiation 
site from neutrons, we fixed the collimator to the dog's skull and reflected 
scalp with LiF-loaded dental impression cement. by constructing a tailor-made 
helmet of this shielding material for R-Dog #5. 

R-Dog #5 was given an infusion of isotonic saline solution into his 
common carotid artery, to give us baseline data for cerebral irradiation 
damage without boron. Moat of the temporal muscle was removed to facilitate 
the placing of the redesigned collimator into the skull. A 1.9 cm diameter 
trephine cutter was used to expose the dura. This exposed dura was protected 
by a layer of sterilized mylar film (Saran Wrap). The collimator was held 
to the skull and scalp using the dental cement described above. The dog was 
irradiated for 12 minutes, partially over intact skull and partially oyer the 
trephine hole. The doses listed in Table VII for R-Dog #5 are an estimate from 
four gold foils placeM inside the trephine hole and on the skull adjacent to 
the hole. It has now been 3 months since his irradiation and our veterinarian has 
not observed any adverse effects. 

The second series of boron-infused dogs, R-Dog #6 and R-Dog #7, were 
given 28.5 mg B/Kg and 20.0 mg B/Kg respectively of 957. 10B enriched ^ B ^ i i S H , 
Batch #7 from Shionogi Research Laboratory, Osaka, Japan. The infusion procedure 
was similar to that described for R-Dogs #1-4. However, they were irradiated 
at 8-9 hours post-infusion in order to increase the radiation.dose due to B 
at this much higher point on the blood concentration curve. They were 
irradiated as described for R-Dog #5 except that the collimator was sutured 
directly to the scalp in such fashion as to direct all the radiation primarily to' 
the exposed dura. Blood was analyzed for boron content on a similar schedule 
as that followed for R-Dogs #1-4 (see Figure.9 ). It is now 3 months since 
they were irradiated and no adverse effects have appeared according to the 
reports received from our veterinarian. They will be followed for at least 
one year before autopsy and histopathologic study..For infusion dAta see Table 
VI and for radiation doses see Table VII. ' • 
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II.- Chemical Studies 
-2 1. Oxidation of B^H SH 

An early conjecture of Soloway was that the tumor binding material 
present as an impurity .in initial preparations of B H SH"^ was in fact an 
oxidized product of B^H SH-2, postulated to be the2dlsulfide B ^ H ^ - S B ^ ^ " . 

_2 To test this hypothesis we investigated the oxidation of B H SH in 
order to prepare the disulfide Bj^Hj^S-SB, H7,'. This has proved to be a problem 
of considerable chemical complexity which has not been satisfactorily resolved 
to dnt°. Yet it has revealed an aspect of this research program which is 
providing some of our most optimistic results in terms of a boron compcjnd 
which will selectively bind to neoplastic cells. (See Table X of uptake 
studies in rats). 

Initial investigations showed that a number of products could be detected 
by thin layer chromatography (TLC) on the oxidation of B^^ll^H"2 by a variety 
of oxidizing agents - no progress was made in the separation of these reaction 
products despite considerable effort. This may be attributed partly to the 
instability of these materials with respect to many organic solvents and amines 
which has precluded the use of such reagents in separating procedures. These 
techniques have proved to be very powerful in the past, permitting for instance 
the separation of B^^llSH-2 as its tetrapropylammonium salt in dimethlyfomiamide 
in very high yield and purity from complex mixtures of B^^lZ derivatives. 

-' In an attempt to overcome the necessity for developing suitable 
separation and purification techniques of these reaction mixtures a number of 
oxidants were investigated with the intention of producing selective oxidation 
reactions which would produce a single product. To date these have included 
oxygen, tetrathionate, ferric, ferricyanide, hydrogen peroxide and dehydro-
ascorbic acid. Of these only ferricyanide gave rise to a material which remained 
as a single spot in TLC systems. This occurred when CS2B^2H;QSH was added slowly 
to a 10-fold mol excess of K3Fe(CN)g at pH 6.2 to 6.3 and produced a yellow" 
material which remained as a baseline spot in TLC systems. This product could 
be reduced to B^H^SH - 2 by the action of sodium borohydride, but it could 
not be isolated without decomposition as witnessed by the formation of a 
second component on TLC. 

Oxidation of B^H^SH" 2 ^y peroxide at alkaline pH caused degredation 
bf^the boron cage. Below pH 7.5 two reaction products could be discerned 
on TLC. - With no buffer, or citrate buffer the materials which formed could be 
reduced back to Bj^H^SH-2, but this reducible property was lost after a 
few minutes although no change in TLC pattern was evident. The presence 
of phosphate buffer apparently catalyzed this change, because the reducible products 
could not be detected conclusively. 

Although a pure compound was not prepared or isolated from these reactions 
it was considered that rat studies would be expedient in order to have a rough 
measure as to whether or not the reaction products included a large amount of 
one or more compounds accumulating preferentially in glioma. Two different 
preparations of the oxidized products were tested. These preparations differed 
with respect to the control of the pH of the reaction mixtures, but their 



TLC patterns were similar. Nevertheless' the toxicity of these materials was 
markedly different. Boron analysis data are presented in Tables XI and XII. 

2. Analysis of Boron in Biological Tissue 

Two analytical procedures have been developed in these laboratories 
in the past for the assay of boron in animal tissue. Both are based on 
essentially the same sequence of events - destruction of the tissue by hot 
concentrated sulfuric acid, oxidation by 907. hydrogen peroxide to remove all 
carbonaceous material yielding a colorless solution, followed by quantitative 
detection of the boron present as boric acid by 1, 1'-dianthrimide dye in 
concentrated sulfuric acid. The two procedures differ in that one (the slow 
method) routinely takes approximately one week to perform. Whereas the other 
(the rapid method), which was developed out of the former, takes approximately 
\\ to 2 hours to perform. It is because of the desirability of being able to 
assay the blood boron concentration of a patient at the time of neutron 
irradiation in a therapy procedure that the rapid method was developed. This 
permits an estimation of the boron 10 neutron capture reaction radiation in 
the blood that the patient will experience with a particular neutron fluence. 

The results of the rapid method of analysis when applied to the dogs 
~~ undergoing neutron irradiation at the M.I.T. Reactor (see page 8 of this report) 

were, however, so high as to appear to be erroneous giving values of 20.75 and 43.4 5' 
B/ml. of blood for dogs which had been administered 48.6 and 24.2 mg B/kg body 
weight of Na2B^2H] iSH. j_,ater analysis by the slow method which gave values of 
9.79 'and 12.50VB/ml respectively substantiated our concern and clearly 
indicated unacceptable discrepancy between the two procedures. Moreover, values 
of up-to 15.9 V B/ml were<obtained by the rapid method in dogs before the 
administration of the B compound. 

As a result of these observations we embarked on a reassessment of 
the merits of our boron assay techniques. The addition of known increments 
of boron to samples of blood which were then analyzed by the slow method 
indicated that this assay procedure possessed a systematic error giving 
amounts of boron which were approximately 15 to 207> low. (See page 11). 

The rapid method proved to be somewhat more troublesome giving 
analytical results of blood samples which were persistently higher than 
those produced by the slow method, and yet giving very close agreement with 
known amounts introduced into samples other than blood. After examining each 
step of the procedure in relation to the corresponding step in the slow method 
it was found that the major difference in the two methods could be attributed 
to the much reduced sulfuric acid digestion time of the rapid method. When 
this step was increased in duration the results of both methods were in much 
closer accord indicating that a volatile or unstable component was present 
in the blood samples which was removed by prolonged beating in sulfuric, acid. 
This component was conclusively traced to the presence of sodium fluoride in 
the anticoagulant tubes used to collect the blood samples. The oxalate 
anticoagulant tubes contain a mixture of 20 mg potassium oxalate and 25 mg ~V^ 
sodium fluoride. Prolonged heating in concentrated .sulfuric acid will convert 
the fluoride ions to HF a volatile gas x̂ hich is liberated. In the rapid 
method however the much shorter sulfuric acid digestion period is not 
sufficient to permit complete volatilization of the fluoride present and that 
which remains interferes with the dianthrimide dye giving a falsely high 
absorbance. 
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Analytical Results Using Slow & Rapid Method 
Human Blood 

y Boron per ml 
Sample and Conditions Rapid Method Slow Method 

0.5 ml, wet, run immediately " 5.66 0.54 
0.5 ml, dried at 90°C, then run . 2.66 -
0.5 ml, dried at 90°C, stewed in H2S04 at 90°C. for 24 hours, -0.30 -0.37 

then run 

\ 

Various Fluorides - Rapid Method Only 
Sample 

NaF (Fisher) 
NaF (Mallinckrodt) 
NH4F 
CaF, 
HF 
HF (Heated at 90°C. for 24 hours in 

H2SO4) 

Amount 

8.30 mg 
8.55 mg 
7.30 mg 
7.65 mg 
4.00 mg 
4.00 mg 

Amount of FJ 

3.75 mg 
3.87 mg 
3.74 mg 
3.72 mg 
3.80 mg 
3.80 mg 

Apparent Boron Content (y) 

10.7 
15.2 
15.2 
14.75 
6.85 
0.36 

5"} 



Boron Analysis by the "Slow Method" of Blood Spiked with Boron 

Amount B added 
as H3BO3 to Amount B found 

lmll blood (>'B) per-.-ml- blbod-(rB) 

0.0 
1.0 
2 .0 
3.0 
4 .0 
8.0 

16.0 

0.54 
. 1.14 

1.96 
2.22 
3.10 
6.70 

. 14.24 

Amount B added \ 
as Cs2B]^2Hll^^ to 1 - Amount B found 
- lmil blood (/B) I per ml blood (rB) 

0 0.31 
0.96 1.30 
1.92 2.04 
2.88 '" - ' 3.22 
3.84 - 3.96 
7.68 7.77 
1.5.36 15.40 

Another source ©f error in the rapid method which this investigation 
exposed concerns the amount of water present in. the samples.(See Fig.10 ) 

Wet samples of blood (typically 0.5 ml) are digested in the rapid 
method and the final absorbance of the dianthrimide dye complex is compared 
with that produced by known boric acid standards which, have previously been" 
dried. Because of the additional water present during the. blood analysis 
which is not removed because of its affinity for the sulfuric acid, erroneously 
high absorbances are observed. All blood samples are dried in the slow 
method theifby obviating this additional source of error. Each of these 
sources of error in the rapid method may readily be eliminated. In the first 
place fluoride contamination may be removed by the use of non-fluoride 
containing anticoagulant tubes. EDTA tubes are ideal for this purpose. In 
the second case amounts of water identical to the volume of blood may be 
added to the boric acid standards thereby ensuring that a comparable water 
content is achieved in all tubes. 

With these precautions the results obtained by the rapid and slow 
analytical procedures are in satisfactory agreement-. 

This investigation in our boron assay procedures highlighted certain 
disadvantages in these methods. 

First, neither of these procedures is as precise as is desirable. 
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Secondly, the handling of concentrated sulfuric acid and 907. hydrogen 
peroxide on moderately large scales by technical personnel presents undue 
personal hazard. 

Also in the case of the rapid method, there is too much room for 
serious error with the subsequent possibility of producing meaningless results, 
and the time nedd to carry out this analytical procedure, though a commendably 
rapid 1^ to 2 hours, is not as quick as is desirable. 

Because of these criticisms, new approaches to the analysis of 
boron in biological tissue were investigated, it being recognized that this 
aspect of our research program is of fundamental importance to its success. 

Our requirements are txvo-î ld: 

1) An analytical procedure for boron in biological tissue which is 
amenable to the handling of large numbers (several dozen) samples simultaneously 
and which will assay boron to a precision of a few percent. Speed is not 
essential to this procedure, though a total time of less than one week would 
be preferred. 

2) A rapid analytical procedure which need only handle one sample of 
blood at a time and will permit the determination of boron content to a 
precision of at least 207,. 

The prime criterion for this procedure is speed. A total analytical 
time of not more than 30 -45 minutes is required. 

An eminently sifitablc procedure for boron 
tissue has been recently published*- . We propose to 
our purposes. - Please see our proposal. 

3. A Report of Progress on the Development of a New Rapid Analytical 
Procedure for Boron in Blood. 

Two different approaches ar2 being t>uidied: 

. 1) The use of a suitable radionuclide for labelling the boron 
compound. 

2) The chemical analysis of boron in blood. 

The first approach holds promise of permitting a very rapid assay 
of the boron compound in blood (< 20 min.) to a precision of greater than 5 7,. It 
relies on the availability of a suitable radionuclide for tagging tne boron 
compound in question. 

In -_he case of Bj^HllSH-2 or sulfur containing derivatives of this 
compound the isotope of choice is sulfur-35. 

Dr. Brian Murray has been actively participating in this aspect of our 
work and he is able to digest 0.1 ml of blood in a period of approximately 5 min. 

analysis of biological 
utilize this procedure for 
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We have synthesized B^H^SH - 2 f*om H2 s> a n d a r e currently 
participating in studies with" Dr. Murray in which the sulfur-35 labelled boron 
compound vill be injcctedinto dogs and samples of blood analyzed for boron 
content and assayed for -̂'S activity to determine whether the radioactivity 
provides a measure of the boron content. It should be noted that the levels 
of radioactivity employed are sufficiently sraalL to cause negligible radiation 
to a human patient undergoing neutron therapy. 

Although the radiolabelled boron compound approach holds promise 
of providing a highly accurate and rapid method of boron assay the development 
of a rapid analytical procedure for boron would provide a check on the 
radionuclide method and be essential if our final choice jof boron compound 
cannot be given a.radiolabel. 

At the present time sensitive analytical procedures foi. boron in 
biological tissue which may be carried out routinely are usually based on 
detection and quantitation of boron by either atomic adsorption, flame emission 
spectroscopy or by a, suitable colorimetric procedure utilizing a borate-dye 
complex. Present day instrumentation of the first two techniques renders 
these unsuitable for our purposes as the concentration of boron in which we 
are interested lie at the limits of their detection. 

The analysis of trace elements in biological samples may be subdivided 
into three main parts: 

1) Detection - to quantitate the amount of boron present. 

' 2) Chemical manipulation and purification - to prepare the element 
in question in a suitable'molecular state for detection, and to remove any 
interfering species. 

3) Digestion - to remove organic materials. 

We have considered these three stages in relationship io each other in 
order to minimize the total tine of analysis 

. 1) Detection 

The most sensitive spectrophotometric methods of borate 
quantitation utilize dyes such as 1,1'-dianthrimide or curcumin which form 
a colored complex in strong acid only when heated for a considerable period. 
Other reagents such as nitrocatechol do react much more quickly in aqueous 
solution, but they require careful control of pH and ionic strength to be 
satisfactory and lack the sensitivity we require. An alternative approach is 
to detect boron as the tetrafluoroborate anion BF7. This requires the 
additional steps involved in the conversion of borate to tetrafluoroborate, 
but this disadvantage is more than negated'by the1availability of rapid 
sensitive methods of quantitation of this ion. 

Ducret-* showed that tetrafluoborate would react with aqueous 
methylene blue forming a complex which could be extracted with dichlorocthane. 
This procedure carried out in the presence of excess methylene blue (which 
remains in the aqueous layer) provided a sensitive quantitative method for 
the detection of tetrafluoroborate. 
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A later thorough investigation of this technique by Pasztor 
et al.̂ * further demonstrated -its suitability for the sensitive assay of 
boron as tetrafluoroborate. 

Our preliminary studies have confirmed these results and indicate 
that an aqueous solution of boron as tetrafluoborate could be quantitated in less 
than 4 min. 

Procedure 

To 2 ml of an aqueous solution containing between 0.02 and 0.2 •; B 
per ml of NaBF^ in a boron free glass test tube, is added 100^1 0.5mM methylene 
.blue and 2 ml of dichloroethane. The mixture is shaken for 1 min. on a 
Vortex-Genie and the lower organic phase pipetted into I cm silica curvettes 
and the absorbance measured at 65/ mm after allowing 2 min. for the solution 
to clear. The boron concentration is read directly frcn a previously prepared 
standard curve. 

Total time 4 min. 

2) Chemical Manipulation and Purification 

These steps in our investigation hinge on the use of an ion 
exchange resin produced by Rohm and Haas Co., Amberlite XE-243, which exhibits 
a very strong specific affinity for boron as boric acid or borate, and also 
possesses weak anion exchange properties. 

The steps involved in the preparation of tetrafluoborate from 
the digested blood are based on those developed by Carlson and Paul for the 
quantitative conversion of borate to tetrafluoborate . The solution containing 
borate is passed down a column of Amberlite XE-243 at alkaline pH. This selectively 
and quantatatively extracts the boron onto the resin. Washing with water 
removes any other material present. A small volume of 10 to 257> HF is then 
added to the column under which conditions the borate is converted quantitatively 
to tetraf luoborate in less than 5 min. During this step the strong tetraf luoborate 
acid binds to the weak anion exchange site? in the resin. Water washes remove 
excess HF and hydrolyze most HF bound to the weak anion exhange sites, NaOH elutes 
the tetrafluoborate quantitatively as the sodium salt and conversion to the acid 
form is accomplished by passage down a strong acid resin column. The acid 
form of the tetrafluoborate anion is a suitable form for detection. 

Assuming the equilibrium boron binding capacity for the XE-243 
resin of approximately 5.2 ng B per ml resin and maximum of 0.4YB per samplej 
the volume of Arterlite XE-243 required is approximately 0.08/4/1. For ease 
of handling we have constructed columns containing 0.05 ml Amberlite XE-243 
resin ground to approximately 200-400 mesh. This system exceeds any anticipated 
quantities of boron by more than 600 X. 

The columns have been constructed out of 'Intramedic'' poly
ethylene catheter tubing, I.D. 0.066" blocked at the lower end with a small """*»» 
piece of porous polyethylene. A polyethylene 3 ml capacity plastic hypodermic 
syringe provides the resevoir at the top and fits directly into the catheter 
tubing. The take off from the lower part of the column is via a length of 
narrow bore silicon rubber tubing which is passed through a Harvard Apparatus 
Peristaltic pump. This arrangement permits flow rates from zero up to lml/min. 
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to be achieved. Columns were piepared in this manner containing 0.5ml AG 
50W-X8 H Bio-Rad resin, 200-400 mesh on the bottom and 0.05ml 
Arterlite XE-243 which had been ground to approximately 200-400 mesh, on top. 
After passing 107. HF down such a column, washing with water and eluting any 
residual fluoride with base, the eluted HF in 2 ml aqueous solution had a pH 
of 2.5 to 3. HF concentrations of this magnitude were determined not to 
interfere with the methylene blue assay. 

Although we have not yet tested this technique fully, preliminary 
work indicates that this phase of the analysis would not take longet than 
10 min. 

3) Digestion of Blood 

In the interests of speed, all wet ashing techniques e.g. 
H2SO/, HNO3, HCIO4, were rejected as being too slow.- Dry ashing of blood in 
a slow stream of oxygen, though fairly rapid, was discarded as being too difficu 
technically to accomplish. The most promising method investigated was that 
using a mixture of potassium and sodium nitrates . By this means up to Q2 ml 
of blood was digested and the resulting material taken up into a clear 
aqueous solution in 7 to 8 min. This procedure has been applied with remarkable 
success to a variety of biological tissues including blood, with a very high 
(generally better than 957.) recovery", 

Our progress in this aspect of our work is extremely encouraging, 
and although we have not yet demonstrated its feasibility in an actual blood 
boron analysis, the separate steps are well documented in the literature. 
The overall advantage of speed such a technique should possess is indicated in 
our estimated total time of analysis of boron in 0.02 ml blood as being approxi
mately 25 min. with the necessary accuracy. 

4. Attempted Synthesis of Na2Bj2H|2 from Borax 

Because of our initial encouragement concerning the feasibility of a 
boron-10 neutron capture therapy trial utilizing Na2B]i 2H]_]_SH, it was considered 
expedient that we investigate possible routes of production of the boron-10 
enriched starting material wa2^12^12 ^n order to hold costs to a minimum 
(see Appendix I concerning the price and commercial availability of this 
material) .' 

The preparation of N^Bj^Hi^ from borax by means of the reaction 
3Na2B407 + 6.5Na + 10.5A1 + 6H2 — > Na2Bi2H12 + 10.5NaA1027 
represents the first one-step synthesis of Bi2Hj;2 from readily available 
starting materials. It is of particular interest to us because it could 
provide a relatively convenient route to the production of ^ B enriched B^HfJ* 

The conditions under which this reaction proceeds, several atmospheres 
of H2 pressure and temperatures up to 710°C, place certain rigorous conctraints 
on the design of a suitable apparatus in which to carry it out. 3ecause of 
this a reactor was designed and constructed by Mr. Arthur Massucco of Arthur 
D. Little, Inc. in which to attempt this reaction. (Mr. Massucco has had 
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extensive experience in the use of high pressure reactors, and he has carried 
out the H2S reaction used in- the preparation of Bj^H^i SH~2), For purely 
economic reasons no provision was made in this apparatus for stirring the 
reaction mixture - such a provision presented certain practical difficulties 
which, though not insuperable, would have added greatly to the cost. 

So far only one reaction has been attempted using this apparatus, and 
it was unsuccessful in that no Bi2H|2 was detected. The reasons for this are 
at least two-fold. 

1. The reactants did not attain the necessary closeness of contact 
because of lack of stirring. 
2. The temperature achieved was high enough to decompose any 
Na2B]_2H]_2 which may have been formed. 

Because of the latter possibility a study of the effect of temperature 
on the reaction and on Na2B^2Hi2 under the reaction conditions was carried out. 
The results of this were somewhat inconclusive because of a malfunction in the 
temperature control, but they did indicate that the temperature attained in 
the first reaction was probably too high. No further studies of this reaction 
were carried out. 

As a result of this investigation Mr. Massucco has forwarded a proposal 
in which Arthur D. Little, Inc. would undertake a further study with the ultimate If) intention of producing large scale amounts of B enriched Na2Bi2Hl2* 

In conclusion, it would appear to be distinctly possible that given 
the funding, we could be in a position of having an independent supply of 
useful quantities of ^B enriched B^HJ^, within a few months. 
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APPENDIX I 

L—ALL&RY CHEMICAL COMPANY 
DIVISION 01 MI.JE S1FE7Y /PPUANCES COM >AN\ 

CALLERY. PENNSYLVANIA 1S024 • PHONE (4121 538-3510 

March 14, 1972 

Dr . G. R. Wellum 
N e u r o s u r g e r y R e s e a r c h Lab . 
M a s s a c h u s e t t s Genera l Hospi ta l 
P a r k m a n S t ree t Gate - W a r r e n 46T 
Boston, M a s s a c h u s e t t s 02114 

D e a r Dr . Wellum: 

Following our telephone conversa t ions we a r e p leased to supply addi 
t ional informat ion to help you reso lve your r e q u i r e m e n t s . We have 
at tached copy of our l as t l e t t e r to Dr . A, H. Soloway in case that 
quotation is not in your own f i les . 

Summar iz ing our previous quotation we offered to p r e p a r e 500 g r a m s 
o r a l t e rna te ly 1000 g r a m s of the boron-10 enr iched Na2B12Hj2 diglymate 
for $ 25, 000 or $ 40, 000 respec t ive ly . We a lso indicated that if you 
wished us to extend the synthes is to your u l t imate compound we e s t i 
mated convers ion at a fur ther cos t of $ 10, 000 or $ 15, 000 based on the 
same quant i t ies , and subject to fur ther ana lys i s of your convers ion . 
The b a s i s for th is r a t h e r high cost is f i r s t that the s ta r t ing m a t e r i a l , 
which is only avai lable through AEC channels , i s p r iced at $ 4. 90 pe r 
g r a m of contained boron-10 ; and second, that quite difficult and complex 
syntheses a r e involved in going f i r s t to enr iched diborane and then to 
the enr iched sodium salt . The s ta r t ing enr iched m a t e r i a l i s BF3 methy l 
e the ra te which i s conver ted to the ethyl e the ra te and then to enr iched 
d iborane . 

The Bj2 p r e p is by a p r o p r i e t a r y C a l l e r y p r o c e s s but i s the s a m e one 
used in p r epa r ing a number of compounds submit ted by us to D r . 
L ipscomb for D r . Soloway. These included the t e t r ame thy l ammonium, 
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APPENDIX •- cont inued 

L-ALLE&Y CHEMICAL COMPANY 

Page 2 March 14, 1972 

t e t r ae thy l ammonium and t r i e thy l ammonium dodecahydro dodeca-
b o r a t e s . We would guaran tee 96% boron as B1 2 and expect g r e a t e r than 
98%. Analys is would be for e lementa l boron coupled with NMR. 

A c u r r e n t check with Eagle P i c h e r , the p r e sen t AEC source , indicates 
the re is sufficient e the ra te on hand to complete your full quantity. De
l ivery of 100 g r a m s of the enr iched sodium salt could be completed 
in approximate ly ten to twelve weeks after rece ip t of an o r d e r , and 
we could supply 100 g r a m s weekly the rea f te r . 

As we also mentioned in our telephone conversa t ions we have on hand 
some smal l re tent ion samples of both enr iched diborane and decaborane . 
If you p r e f e r r e d to p roceed with a sma l l sample of say 2 g r a m s of the 
Bj2 sal t the unit p r i ce to setup for a smal l run would be somewhat m o r e 
cost ly but we can p r e p a r e 2 g r a m s in about two to t h r ee weeks at a p r ice 
of $ 3, 000. Al te rna te ly if we p r epa red 2 g r a m s of the sal t using no rma l 
boron the p r i ce would be $ 300. 

If you have fur ther quest ions p lease feel f ree to telephone the w r i t e r 
again. 

/ 
Sincerely y o u r s , 

CALLERY CHEMICAL COMPANY 

A. J . Toer in 
Manager - M 

AJTramw 

enc losure 
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PATI 
^GE 

M.M. 
50 

T.K. 
6 

K.K. 
46 

A.P. 
50 

E.H. 
22 

M.S. 
28 

C.T. 
32 

y.T. 
32 

r.T. 
29 

).R. 

i.S. 

'.E. 

.1. 

.K 
2 

CNT TUMOR 

glioblastoma 

medulloblas-
toma 

oligodendro
glioma 

glioblastoma 

glioblastoma 

glioblastoma 

glioblastoma 

meningioma 

glioblastoma 

osteosarcoma 

osteosarcoma 

meningioma 

glioblastoma 

loblas toma 

(Na2B 

DOSE 

(mgB/Kg) 

50 

44 

40 

37 

35 

40 

35 

40 

10 

10 

10 

10 

10 

10 

L2H11SH S u 

HOURS 
after 
infusion 

12 
23 

8 
11 

8 

14 
19 

' 20 

13 
22 

11 
16 
30 
204 

24 

24 

26 

14 

12 

jplied by Shionogi Re 

TUMOR EDEMA-
(T) TOUS or 

(ugB/g) GLIOTIC 
TISSUE 

33.3 12.6 

43.4 

21.9* 
Uncal herniation 

17.7 

34.0 

37.0 23.0 
18.0 

5.7 3.4 

search Labc 

NORMAL 
TISSUE 

(N) 

--

--

and lowere 

--

--

--

ratory) 

BLOOD 
(B) 

21.0 
14.0 

10.6 
5.0 

85.0* 
d blood 

14.8 
16.9 

23.0 
10.0 

23.0 
16.0 
11.0 
2.6 

6.3 

10.4 

1.8 

6.8 

30.0 5.0 

0.3 
(bone) 

- 0.3 
(bone) 

0.3 

0..3 

--

3.6 

3.4 

1.9 

7.3 

7.8 

T/B 

1.6 

8.7 

0.26 
pressure 

larger 
than 1 

larger 
than 1 
3.4 

1.6 

2.2 

T/N 

--

--

(70 

--

5-

--

1.8 

2.7 

0.94 

0.93 

3.8 

21 

35 

6 

23 

— 

via 

CC 

IC 

IC 
mmHG) 

CC 

CC 

CC 

J 
CC 1 

CC t 

1 
IC | 

IF 
! 

IF 

CC 

cc -

IC j 

Elimination of the compound from the blood by the kidney should be very little in such hypo
tensive crisis. 

C = Common Carotid Artery IC = Internal Carotid Artery IF = Intra-Femoral Artery 
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Table II 

Patients treated in Japan by Neutron Capture Therapy 

First Series 

Treated after recurrent symptoms developed after Cobalt-60 radiation 

Name Age Diagnosis 

Sex 

Location Interval-
Surgery 

to 
Neutron 

Previous Dose of Neutron Course after Neutron Radiation 
Therapies Boron-10 Radiation 

Time 

Survival 

(after first 
surgery) 

T.T. 29 

F 

Glioblastoma R.Frontal 9 mos. 2 craniotom. 
5-FU 
5,500 r. 

lOmg/kg 10 hrs, Striking recovery; Sudden death 4 mos. 
(status opilepticus=Pre-exist-
ing metastases) (13 mos.) 

N.K. 52 

M 

Glioblastoma R.Temporal 8 mos, 3 craniotom. 
BudR, 5-FU 
Vincristine, 
7,750r.(2) 

lOmg/kg 4 h r s . * Exacerbation of pre-exis t ing 
pulmonary abscess and cachexia 

2 wks. 

( 8 mos.) 

C.T. 32 Glioblastoma L.Frontal 3 mos, 

M 

2 craniotom. 
5,400r. 

30mg/kg 6 hrs, Good recovery; after discharge 
fixed neurological deficit in
dicating delayed brain atrophy; 
Died of purulent meningitis 
after A-V f-hunt in home country; 
No sign cf tumor-regrowth. 

19 mos. 

(22 mos.) 

Y.T. 32 Meningial 
sarcoma 

M 

R.Parietal 31 mos. 5 craniotom. 
0,000 r.(2) 

35mg/kg 6 hrs, Striking recovery, Writing letter, 14 mos. 
Playing chess, Walking; 
Sudden death a month after divorce (45 mos.) 
(Suicide ? Nephritis ?) 



Table II (cont.) 

Name Age Diagnosis Location Interval- Previous 
& Surgery Therapies 
Sex ' to 

Neutron 

Dose of Neutron 
Boron-10 Radiation 

Time 

Course after Neutron Radiation Survival 

(after first 
surgery) 

i 

M.M. 50 Glioblastoma R.Temporal 3 mos, 

M 

2 craniotom. 
3,000 r. 

30mg/kg 9 hrs Poor recovery, Acute meningitis 4 mos. 
which was controlled; then 
fatal serum hepatitis (7 mos.) 

A.P. 50 Glioblastoma R.Frontal 5 mos, 

M 

2 craniotom. 
4,600 r . 

35mg/kg 5 hrs. Good recovery; Dischared with 
suspicion of residual tumor 
(persistent R. leg weakness) 

alive as of 
6 mos.post. 
(11 mos<) 

K.I.** 8 Pontine 
Glioma 

F 

Pons 1 wk. 1 craniotom. 40mg/kg 
12,000 r. (3) 
added to 
neutron 

10 hrs. **Striking recovery; Riding a 11.3 mos.. 
bicycle at home; after 10 mos. 
gradual deterioration (Excess- (11.5 mos.) 
ive Co-60 radiation ? ) 

* neutron source:JRR-3 **Extremely small neutron flux necessitating additional conventional radiotherapy. 

a 



Table III 

Patients Treated in Japan "by Neutron Capture Therapy 

Second Series 

Treated only after surgery without waiting for tumor recurrence 

i 
NO 
NO 
I 

Name Age Diagnosis Location 

Sex 

Interval-
Surgery 

to 
Neutron 

Previous Dose of Neutron Course after Neutron Radiation Survival 
Therapies Boron-10 Radiation 

Time - (after first 
, surgery) 

E.H. 22 Glioblastoma L.Parietal 2 wks 1 craniotom. <+0mg/kg 6.5 hrs. Satisfactory recovery; 
Pre-operative aphasia and 
acalculia were gone 

-alive 5. 5 mo< 
(as of Feb.197, 
-(6.0 mos.< 

M.S. 28 Glioblastoma L.Frontal 

M 

5 wks 3 craniotom. 40mg/kg 8 hrs, Satisfactory recovery; 
Transient aphasia due to 
surgical intervention 

alive 12 mos. 
(as of Dec.197: 
-(2.3 mos . < ] 

J 



Table IV 

Human Studies 
i 
Boron (Na2B],2Hl j SH - GRW) Uptake at Operation 

Name 

J. S. 
(Met. ca.) 

J. B. 
(Ret.cell sarc) 

E. H. 
Astrocytoma 

III-IV 
(Glio. mult.) 

C. Z. 
(Glio. mult.) 

J. F. 
(Glio. mult.) 

F. S. 
(Ret.cell sarc) 

I. K. 
(Ret.cell sarc) 

C. H. 
(Glio. mult.) 

T umor 
N Drmal Brai 
31 = Blood ' 
M = Muscle 
B = Bone 

mg B/Kg 

1.0 

1.81 

1.81 

.- 6.41 

9.99 

L6.1 

18.0 

21.7 

n 

# hrs. after 
End of infusion 

24 

15 

38 

14.5 

16 

14 

12.5 

13 

-

Y B/mg. 
T 

I = 0.51 
11 = 0.47 

III = 0.73 
1 

1.30 

I = 0.62 
II = 0.90 

III -= 0.55 
A = 0.74 
B = 0.91 

2.88 
2.16 
1.32 
2.34 

1.46 
Solid Tumo 
' 4.54 

Avascular 

6.30 
A=6.75 
B=13.29 
C=8.60 
D=14.01 

11.36 
6.12 

8.83 " 
6.99 

I = 5.87 
11=12.13 

-23-

N 
Mixed= 
0.63 

White= 
-0.37 
Grey= 
-0.28 

0.58 
1.32 

-0.16 
-0.35 

-0.63 

r 

turn. 

A=2.32 
B=3.15 
1=2.10 
[1=2.05 

2.87 

-5.47 

Bl 

0.77 

2.28 

1.0 

3.14 

7.02 

5.84 

8.63 
8.86 

7.31 

12.86 

12.83 

M 

-0.19 

1.26 

-0.40 

B 

3.28 

2.81 

2.05 

Ra ti o 
T/Bl T/N 

0.66 

0.61 

0.93 

0.57 

0.62 
0.90 
0.55 
0.74 
0.91 

0.92 
0.6-9 
0.42 
0.75 

0.21 

0.80 

0.73 
0.76 
1.50 
0.97 
1.58 
1.55 
0.84 

0.69 
0.54 

0.46 
0.95 

-

0.81 

0.75 

1.16 

2.24 
0.98 

3.9;1.8 
5.6;2.6 
3.4;1.6 
4.6;2.1 
5. 7; 2 .6 

4.6 
3.4 
2.1 
3.7 

i 

2.71 
2.1 

3.1 
2.-4 

-1.07 i 
-2.22 '* 

_ i „.„ 



Table V 

Autopsy Tissues - Boron Uptake 

Na2Bi2llllSH-(GRW) 
Pos t I n j e c t i o n time 

■ Scalp 
Temp. Muscle-Rt. 
Temp. Muscle-Lt#. 
Solas Muscle 
Pectoral Muscle-Rt. 
Skin 
Breast 
Rib 
Stomach 
Bowel 
Thyroid 
Lung-Rt.. 
Heart 
Liver 
Pancreas 
Spleen 
Adrenal . 
Kidney 
Prostate 
Testis 
Skull-Lt. Calvarium 
Skull 
Parietal Bone 

^Dura 
Brain-Mixed-Rt.Frontal 

] Brain-White-Rt. Frontal 
Brain-Grey-Rt. Frontal 
Bra in -Whi te -L t . Fron ta l 
B r a i n - G r e y - L t . F r o n t a l 
Brain-White-Rt. 
Brain-Grey-Rt. 
Brain-Mixed-Rt. 
Bra in -Whi te -L t . 
Brair i -Grey-Lt . 
Brain-Mixed-Lt . 
Medulla 
Cerebellum-Grey 
Cerebellum-Mixed 
Parietal Lobe 
Pons 
Hippocampus w/Vent. wall 
Vermis 
Pia Arachnoid-Rt. 
Pia Arachnoid-Lt. 
Tumor-Left Hemisphere 
Hypothalamus 
Pituitary 
'Spinal Cord 
Blood 

E. H.'* I. K. 
Trial 
Dog #1 

2.19mg B/Kg 
5 1/4 days 

1%T 
-0 .32 
- 0 . 1 5 

2.27 
-0 .57 

1.09 
0.77 
0.74 
0.67 
0.97 

- 0 . 3 3 
1.62 
0.79 
0.56 

-0 .56 
1.50 

5.98 

lS.Omg B/Kg 
4 1/4 days 

rB/gm 

2 .56(near 
tumor) 

0.93 
-0.12 

-0.44 

1.78 

-%$-. 

1.26 
•2.00 

1.63 
5.09 

2.10 
2.03 
2.43 
3.43 
3.39 
1.23 

00 
39 
02 
34 
25 
25 
89 

-0.78 

2.83. 

0 .65 ,0 .57 
-0.29 
0.63 

- 0 .23 ' 

34.8mg B/Kg 
5 days 

yB7gm " 

2.63 
1.28 
1.99 

-2.09 
0.42 
1.58 

- 0 . 1 3 ( c o n t e n t s 
0.99 

4 . 90 

3.64 

1.41 
1.38 

14.51 

2.2 
'•'.46 

0.61 
0 

0.46 
-0.26 
-0.12 
0.46 

-0U7 
0.46 
0.38 

-0.26 
0.57 

-0.27 
0 

-0.21 
0 

0.83 



Dog # 

Trial Dog #1 

R-Dog #1 

R-Dog #2 
- ' 

R-Dog #3 

R-Dog #4 

R-Dog #6 

R-Dog #7 

Table VI 

INFUSION DA.TA FOR DOGS 

Boron 
'Administered 

(mg B/Kg) 

35.4 

48.6 

24.13 

24.17 
" 

48.6 

28.46 

20.0 

l 
Batch of 

NaoB, 9 H n S H 

Non-enriched 
GRW #3068 

1 0
B-97.2% 

Shionogi #4616 

10B-97. 27. 
Shionogi #46.6 
1 0
B-97.2% 

Shionogi #4616 

1 0 B - 9 7 . 2 % 
Shionogi #4616 
1 0
B-95% 

Shionogi #7 
1 OB-9 57. 
Shionogi #7 

; 

Irradiation, #hrs. 
after B infusion 

Not radiated 

21 1/2 

21 1/3 

22 • 

22 1/2 

7 5/6 

8 2/3 

-As~ 

■25-
i 



Table VII 

Dose Data For Incident-Tissue Layer 
of Tumor-Free Dog Brains Irradiated 

With the Therapy Beam of the M.I.T. Reactor 

Dog 
#• 

R-l 

R-2 

R-3 
i 

! NO , -OR-4 
! 1 

R-5 

R-6 

R-7 

Borcn-10 
Blood 

Concentration 
(Mgrn10B/gm) 

' 7.2 

4.3 

4.7 

6.8 

0 

22.5 - . 

9.5 

Irrad. 
Time 
(min.) 

11.0 

5.0 

9.0 

11.0 

12.0 

17.0 

17.0 

Thermal 
Neutron 
Fluence 
(10Bnut) 

1.24 

0.75 

0.80 

0.33 

0.60 

1.25 

1.34 

Thermal 
Neutron 
Dose+ 
(rads) 

724 

438 

467 

193 

350 

730 

781 

Fast 
Neutron 
Dose4"4" 
(rads) 

187 

85 

153 

'87 

204 

289 

289 

Incident 
Gamma 

Dose "{~r+ 
(rads) 

275 

" 125 

225 

275 

300 

425 

425 

. , 
Total Dose ( 
to Boron-

free tissue 
(rads) 

1186 

648 

845 

655 

854 

1444 

1495 

Dose due to 
10B(n,oc)7Li 

(rads)" ' 

826 

299 

348 

208 

0 

2600 

1095 

Total Dose 
to tissues-

containing B 
(rads) 

2012 • 

947 

1193 

863 

854 

4044 

2590 

Irradiation̂ --'"'̂  
Da te ^̂ -"''̂  
^̂ -"-"Neuro logical 

Deficit 
Apparent? 

9/27/72_—-""—^" 

9/27/72 ^ - ^ ^ 
^^^-""No 

^ No 
9/27/72^—^-"~" 

^^_---""No 

1/11/73^-^ 
^ " N o 

1/22/73^^-^"" 
^^_-—-" No 

1/22A7_3__-— 
_ —' No 

The dose rate to tissue exposed to a thermal neutron flux of 1 x 10 V a n /sec has been calculated to be 35 rad/min. 
(refa. Brownell, Murray, et al., Cancer, (accepted for publication.). 
The does rate of the incident fast neutrons in the medical therapy beam of MIT Reactor is 17 rads/min (ref. see +) 

The dose rate of the incident gamma ray flux in the medical therapy beam of the MIT Reactor is 25 rad/min. (ref. 
Ayyangar, Brownell, Reddy) 
The dose rate to tissue containing 18pgm B/gm exposed to a thermal neutron flux of 1 x 10 n/cm /sec. has been 
calculated to be 100 rads/min. (ref. see -H-+) 

V 



TABLE VIII 

Boron Concen t ra t ion in Tumor-Bearing Rats Adminis tered 

10 mg B/kg body weight of N'a B1?H,,SH 

Rats 

4 
4 
3 
3 
4 
3 
3 
3 
3 * 

4 
4 
4 

Type 
inj. 

IV 
IV 
IV 
IP 
IP 
IP 
IP 
IP 
IP 
IP 
IP 
IP 

Time.from inj. 
to 

• 

sacrifice (hrs.) 

0.25 

0.5 
1 
0.5 
1 
2 
3 
4 1/2 

6 
18 
29 1/2 

481 

Average 
Tumor 

7.9 
9.9 
9.3 
5.4 
7.1 
5.3 
3.8 
1.6 
2.1 
1.5 
1.6 
1.1 

B concent: 
Blood 

24.4 

19.2 

12.5 

16.6 

16.5 

5.19 

4.8 
1.9 
2.2 
1.5 
1.6 
1.1 

"ations 
Brain 

1.4 
1.1 
1.1 
1.0 
1.0 
0.6 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 

in TB/g t 
Muscle 

3.5 
3.1 
2.8 
2.8 
2.8 
1.7 
1.3 
0.9 
0.7 
0.7 
0.5 
0.5 

I 

-27-



TABLE IX 

Boron Concentration in Tumor-Bearing Rats Administered 

50 mg B/kg body weight of Na B H USH 

No. Rats 

2 

3 

4 

3 

4 

4 

3 

3 

Type 
i n j . 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

Time from inj 
to sac r i f i ce 

' 

1 

3 

6 

( h r s . ) 

18 

24 

29 1/2 

48 

72 

Average 
Tumor 

37.6 

18.0 

11.7 

4.8 

4.6 

3.5 

2.6 

1.9 

B concentrations 
Blood Brain 

66.6 

21.9 

10.0 

4.2 

3.1 

2.7 

■1.8 

: i : i 

3.4 

1.4 

0.5 

0.6 

0.6 

0.4 

0 .3 

0 .3 

in^B/g t i ssue 
Muscle 

8.7 

3.3 

} - 6 

1.2 

1.1 

0.8 

0.7 

0.6 

-28-



TABLE X 

Boion Concen t ra t ions in Tumor-Bearing Rats S a c r i f i c e d 3 Days 

After being Administered Oxidized Na^BjoHi^SH 

Administered Dose" 
mg B/kg body weight 

10 

25 

50 

- s .... 

Joron concentration in 
Tumor 

4.4 
3.7 

6.8 
8.8 

£14 
>15 

Blood 

1.5 
0.8 

3rain 

0.5 
0.5 

2.2 0.6 
2.6 

6"; 2 
8.7 

0.5 

0.6 
0.9 

V^B/g tissue 
Muscle 

0.8 
0.6 

1.0 
1.1 

1.7 
1.9 

Ratios 
Tumor/Blood 

3.0 
4.8 

3.0 
3.4 

2.2 

Tumor/Brain 

8.4 
7.5 

10.6 
18.3 

23.2 

"Admin i s t r a t i on was by IP i n j e c t i o n . 

-29-



Table XI 

Boron Concentrations in Tumor Bearing Rats 
after a single I.P. Injection of 50 mg B/Kg body wt. 

of Oxidized Bj^H^SH"2 

No. Animals 

2 

4 

Time from Inj. to 
Sacrifice (days) 

4 

7 

Average Boron Cone, in yB/g tissue 
Tumor 

6.8 

1.6 

Blood 

3.0 

0.6 

Brain 

0.3 

0.2 

Muscle 

1.6 

1.0 

Ratios 
T/Bl 

2.3 

2.7 

T/Bl 

20 

8.4 

30 



Table XII 

Boron Concentrations in Tumor Bearing Rats 
after a single I.P. Injection of 50^mg B/Kg body wt. 

of Oxidized B^H^S .SH-2 

, 
No. Animals 

2 

4 

2 

Time from Inj. to 
Sacrifice (days) 

0.25 

1 

2 

Average 
Tumor 

28 

37 

27 

Boron Cone. in yB/g tissue 
Blood 

51 

21 

4.2 

Brain 

1.6 

1.1 

0.5 

Muscle 

9.3 
6.7 
6.7 

4.4 

Ratios 
T/Bl 

0.6 

1.8 

6.4 

T/Bl 

17 

35 

54 

NOTE: Tables XI and XII represent different batches of compound. The toxicity of 
these preparations was markedly different. Some animals in table XII displayed 
external tumor ulceration and autopsy revealed hemorrhagic areas in the region 
of the tumor. The livers of all animals in Table XII had a mottled appearance 
and were generally pale in color. 

/ 
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Figure 

Boron C o n c e n t r a t i o n in Patient Tissues 

1 L -

mfusion 
- o - i 
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J S "IV infusion n g h l i r m 
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operation 

J B - right internal carelid inlusion 
Recoiled 1 8 mg Dorcn per Kg 
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a Normal beam 
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. operation 

E H - left internal carotid inlusion 
Received 2 I 9 mg 3oron per Kg 

o Blood 
autopsy A Normal bra in 

"dealh * Tumor 

10 

Time in days 
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Figure 3 
Boron Concen t rn t ion i.i Pat ien t T issues 
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Figure 4 

Boron Concen t ra t i on In Pa t ien t T issues 

C. H . - l e f t In terna l c a r o t i d I n fus ion 
Received 21.7 mg Boron pe- Kg 

o Blood 

a Normal b ra in 

* Tumor 

« i ^ 
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Cumulat ive Plots 
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Figure 6 

Boron Concen t ra t i on In Dog Blood 

90T 

Tr ia l Dog Number 1 

Received 34.8 mg Boron per Kg 

40 50 60 70 80 90 ICO 
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Boron Concent ra t ion In Dog B lood 

R-Dog Number 1 

Received 48 6 mg Boron per Kg 

Boron Concentrat ion in Dog Blood 

R-Dog Number 3 

Received 24.17 mg Boron per Kg 

6 B 10 

Time In days 

12 16 

R-Dog Number 4 
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Boron Concentration in Dog Blood 

R-Dog Number 6 

Received 281G mg Boron per Kg 

Boron Concentration In Dog Blood 

R-Dog Number 7 

Received 20 0 mg Boron per Kg 
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F i g u r e 10 

I 
Absorbance of the 1.1'-Dianthrimide-Boron Complex as a Function of Water Content 
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